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1.0 INTRODUCTION 

BOPACE is the acronym for the Boeing Plastic Analysis Capability for 
Engines. It is a nonlinear stress analysis program, based on a very 
general family of isoparametric (curved boundary) finite elements. 

Although BOPACE development has been strongly influenced by the require- 
ments for analysis of engines, in particular the space shuttle main engine, 
it is a general program applicable to many types of nonlinear structures. 
The current BOPACE Version 5 is based on the earlier BOPACE 2-D and 3-D 
codes [1,2]*, but it provides major improvements in the areas of increased 
problem size capability, additional analysis features, and added user 
conveniences. This document describes the current BOPACE program and in- 
cludes theoretical, user, programmer, preprocessing, and example problem 
sections. 


BOPACE has been developed by The Boeing Company for the NASA Marshall 
Space Flight Center, based on the following general requirements. 

1) Analysis of very high temperature, large plastic-creep effects, 
and geometric non linearities. 

2) Treatment of cyclic thermal and mechanical loads. 

' 3) Improved material constitutive theory which closely follows 
actual behavior under variable temperature conditions. 

4) A stable numerical solution approach which avoids cumulative 
errors . 

t Brackets denote references given in Appendix A. 
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5) Capability for efficient handling of up to 4500 degrees of 

freedom (.1500 DOF front), within 64K words of computer core. 

The BOPACE research and development efforts have led to an improved 
hardening theory for cyclic plasticity, a method for representing general 
cases of load reversal , and techniques for improving the accuracy and 
controlling convergence of highly nonlinear solutions. New features in 
the current program version include substructuring, an out-of-core Gauss 
wavefront equation solver, multi-point constraints, combined material 
and geometric nonlinearities, automatic calculation of inertia effects, 
provision for distributed as well as concentrated mechanical loadings, 
fol Tower forces, singular crack-tip elements, the SAIL automatic data 
generation capability, and expanded user control over input quantity 
definition, output selection, and program execution. 

BOPACE is written in FORTRAN IV and is currently available for both the 
IBM 360/370 and the UNIVAC 1108 machines. 

The BOPACE Programming effort has been led by D. L. Beste of Boeing 
Computer Services. 
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2.0 MATERIAL CONSTITUTIVE THEORY 

The basic purpose of classical constitutive theory in an elasto-visco- 
plastic program such as BOPACE is to provide incremental relations 
between stresses and strains. BOPACE uses these relations with the 
finite-element stiffness method to provide a convenient and efficient 
approach for solution of an important class of nonlinear problems. 

BOPACE accounts for elastic, plastic, thermal and creep deformations, 
and the nonlinear dependence of all deformations on temperature. The 
material constitutive theory includes a combined i sotropi c/ki nemati c 
plastic hardening theory, and a generalized approach to cyclic load 
reversal. The BOPACE constitutive theory is developed by a tensorial 
apporach which provides all relations in a form which is invariant 
under coordinate transformations . 

2.1 ELASTICITY EQUATIONS 

This section defines the cumulative and incremental forms of the 
relations for temperature-dependent elasticity, which are used in BOPACE 
for initially isotropic materials. Anisotropic elasticity is discussed 
in Section 2.7. » 

general Concepts and 3-D Relations - The basic cumulative stress-strain 
relation, for either temperature-dependent or temperature-independent 
elasticity, is 
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wfcere a and e e are the 3x3 tensors of stress and elastic (recoverable) 
strain, respectively, and D e is the tensor of elastic coefficients which 
may depend on temperature. For convenience we will use the equivalent 
single-subscript notation 
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where subscripts i and j range over all nine of the tensor components. 
For 3-dimensional analysis the relation 2.1-2 is taken as 
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Here E is Young's modulus and v is Poisson's ratio. 


Note that the elasticity matrix in Equation 2.1-3 is consistent with the 

tensorial definition of' sli'ear strains (e.g. e® = y® /2, where y is 

xy xy xy 

the engineering definition of shear strain). Tensorial definitions are 
used in the B0 PACE program in order to easily formulate constitutive 
theory which is invariant with respect to coordinate transformations. 


The last three of Equations 2.1-3 are somewhat redundant and may be 

discarded to give an abbreviated 6^component form (e.g., a = a and 

yx xy 

e uv * e ) . It should be emphasized, however, that in performing 
yx xy 

later summations all non-zero values of the nine tensor components must 
be accounted for, 
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Relations for Special Cases - Equations 2.1-3 can be used to determine 
the cumulative stress components, given all of the cumulative elastic 
strain components. These equations can therefore be applied in the 
following analysis cases. 

1. 3-dimensional (all strain components computed from displacements) 

2. generalized plane strain (specified zero or non-zero value of 
one normal strain) 

3. axi symmetric (circumferential strain computed from radial 
displacement) 

4. confined rod (specified zero or non-zero values of two normal 
strains). 

Special cases exist, however, in which one or more stress components 
are specified while their corresponding strain components are unknown. 
These include: 




1. generalized plane stress or partially confined rod (specified 
zero or non-zero value of one normal stress) 

2. unconfined rod (specified zero or non-zero values of two normal 
stresses). 


Where one normal stress (say, <j zz ) is zero, the stress-strain relation is 
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Vi' * ,, 

and If the normal stress- fs non-zero, the corresponding strain can be 
computed as 


E zz = ( ff Z z {1_2v)/G " (e xx + e yy )v) f {1 ' v) (2.1-4b) 

Where two normal stresses (say, a and <j ) are zero, the stress- 

yy 

strain relation is simply 
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and if the normal stresses are non-zero, the corresponding strains can 
be computed as 
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Once all strain components are known or computed, the stresses can be 
found if desired from the complete 3-dimensional stress-strain relation. 


Incremental Relations - For the case of temperature-indepdendent elasticity 
the incremental stress-strain relations are simply 

(2J - 6) 

where A denotes an incremental quantity and D e is the appropriate 
elasticity matrix. 
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When temperature dependence is considered, the incremental relation may 
be written either as 


v |> 


Ao i = °t 


0 _ r>el el 
J i 


W _ nCl t I 

G -- ~ °ij E j - D - e ’’ 


eO eO 
* * £ • 
U J 


(2.1-7a) 


or 


, _ . n e eO , n el . e 

Act.. - AD ; . e. + D. . Ae . 
1 tJ J 1J J 
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where the superscripts 0 and 1 denote quantities evaluated at the 

Q pi pQ 

beginning and end of the increment, respectively, and aD = D - 0 

is the change in elasticity matrix from beginning to end of the increment. 
The first term in Equation 2.1 -7b accounts for stress change due only to 
change in elastic properties, while the second term accounts for 
additional stress change due to the increment of elastic strain. 
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THERMAL STRAIN 


Alternate Formulations - The conventional description of thermal strain 
is given, for isotropic materials, by 
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where e denotes thermal strain, T is the temperature, and y is the 
thermal coefficient of expansion which may be a function of temperature. 
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An alternate integrated description of thermal strain is 
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where here s' gives the thermal strain directly as a function of temperature. 
For analysis purposes, e may be taken as zero at any convenient reference 
temperature . 

BOPACE Formulation - BOPACE uses the direct form 2.2-2. This form is 
preferred over that involving a thermal expansion coefficient because 
accumulated errors in thermal strain are not introduced. These errors 
could arise with the form 2.2-1, in case y varied with temperature and 
the specified heating and cooling sequences used different temperature 
increments. BOPACE takes the structural fabrication temperature of each 
element as the reference temperature for zero thermal strains. (If the 
material data defines a non-zero thermal strain value at the fabrication 
temperature, all thermal strains computed for the element are adjusted by 
subtracting out that value.) 

2.3 PLASTICITY 

This section defines the incremental el asto-pl astic relations used in the 
BOPACE program. (See also Section 2.6 for the el asto-pl astic interative 
algorithm.) BOPACE employs a new concept of combined isotropic and 
kinematic hardening, and accounts for temperature-dependent el asto- 
pl astic behavior as well as a generalized form of cyclic load reversal. 

In order to develop the constitutive theory in a straightforward manner, 
discussion of the effects of temperature-dependent elasticity on the 
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elasto-plastic relations is deferred until Section 2.5. 

Definitions - The following nomenclature is defined, 
er = total stress 

a ~ stress center (of yield surface in kinematic hardening) 
s = deviatoric (total - hydrostatic) stress 
a - deviatoric stress center 
s = s - a = relative deviatoric stress 
e e s elastic (recoverable) strain 

e* 3 = plastic (time-independent non-stress -inducing) strain 
e C = creep (time-dependent non-stress-inducing) strain 

General Concepts - The basic concepts in most elasto-plastic theories 

v, ’ . ^ 

are those of a yield surface , the dependence of yiel d on only the 
deviatoric stress components, 1 ncompressibi 1 tty under plastic strains, 
and normality of the plastic-strain-rate vector to the yield 
surface. The definition of a particular theory requires assumptions 
for three basic constituents: 

1) a surface relating the stress components at yield 

2) a flow rule defining a direction for the incremental 
plastic-strain vector 

3) a hardening rule. - 

Yield Surface - BOPACE employs the Huber-Mises yield surface [3], 
defined by the relative deviatoric stresses as 
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F = s.s i - s?s° = 0 (2.3-1) 

where the summation is again taken over all nine tensor components of 

A jh 

s. The sV are components of a point on the yield surface at a known 
condition of temperature and plastic deformation, e.g. , from a uniaxial 
test. 

Equation 2.3-1 holds whenever the material is plastic, i .e. , whenever 
the components of s are on the yield surface. Function F may be thought 
of geometrically as defining a hypersphere in 9-dimensional deviatoric 
stress space. Alternately, when expressed in the 3-D space of principal 
stresses, this yield surface can be shown to be an open-ended circular 
cylinder whose axis passes through the origin and makes equal angles 
with each of the three principal stress axes. The Huber-Mises yield 
surface is generally used to describe plasticity in metals because it 
agrees reasonably well with test results and it gives a smooth surface 
which is convenient for calculations. 

Flow Rule - BOPACE uses the Prandtl-Reuss flow rule, which is the usual 
rule associated with the Huber-Mi ses yield surface. The assumptions 
are that the material is incompressible under plastic flow, and that the 
plastic strain rate is normal to the yield surface at the stress point. 

These assumptions provide the relation 

Ae? = (2.3-2) 

where x is a flow parameter (or plastic proportionality constant). 
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Basic Hardening Concepts - An elastic-plastic material which work hardens 
in the plastic range is commonly analyzed using either of two classical 
hardening theories. Isotropic hardening [4], which assumes a uniform 
expansion of the yield surface during plastic flow, accounts for change 
in size of the hysteresis loop during cycling. Kinematic hardening [5], 
which assumes a rigid translation of the yield surface in the direction 
of the plastic strain increment, accounts for the pronounced Bauschinger 
effect which is evident in cyclic behavior of most metals. In general, 
an actual cyclic behavior can be more accurately described by a combination 
of isotropic and kinematic hardening. A combined hardening theory has 
been given by Hodge [6] for materials which satisfy the Tresca yield 
condition. Because a better representation for most metals is provided 
by the Huber-Mises yield surface, a corresponding combined hardening 
theory [ 7] has been developed for the BOPACE program. 

Hardening Parameters - A simple combined hardening theory such as that 
presented in Reference 7 makes two basic assumptions: 

1) Size of the yield surface is a function of a cumulative hardening 
parameter, ic. This means that the isotropic hardening, i.e. the 
incremental change in size of the yield surface, depends on the 
initial value of k and its change Ak. 

2) Yield surface translation is related (but only in an incremental 
manner) to a kinematic hardening parameter, ic k . The kinematic 

hardening, i.e. the incremental translation of the yield surface, 

k k 

depends on the initial value of k and its change ak . 
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For a simple uniaxial load case, the yield surface size at any time is 
measured by one half the algebraic difference between the current yield 
stresses in tension (positive) and compression (negative), while the 
cumulative kinematic hardening is measured by one half the algebraic sum 
of the yield stresses in tension and compression. 


It will be evident in the discussion to follow that isotropic hardening 

can be related to k on either a cumulative or incremental basis, while 

k 

kinematic hardening can be related to k only on an incremental basis. 

k 

In addition to the parameters k and < , hardening is also a function of 
temperature. 


Figure 2.3-1 shows hysteresis loops for the first two strain-controlled 
cycles of a typical material which exhibits combined isotropic and 
kinematic hardening. Here a denotes yield stress and a denotes yield 
stress center. The Bauschinger kinematic hardening effect is apparent 
in that the initial yielding in tension causes a reduced yield stress in 
compression, i.e. a shift of the yield center by an amount a. Successive 
yielding in compression causes a reduced yield stress in tension, and so 
forth. Isotropic hardening causes the increase in size of the hysteresis 
loop with continued cycling. The hysteresis loops for many materials 
become stabilized after a number of cycles, and they may begin to decrease 
in size as further deformation causes a softening effect. 

Figure 2.3-2 shows the stabilized hysteresis loops for a material at 
various temperature levels. (Different strain ranges are used to separate 
the loops for purpose of illustration.) The hysteresis loop of a material 
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typically decreases in size with increasing temperature. Note that the 
size of the yield surface will vary in a similar manner with temperature. 
Also the rates of isotropic and kinematic hardening with respect to 
plastic deformation vary with temperature. 

The isotropic hardening parameter k may be appropriately taken as either 
the cumulative plastic work density, or as the sum of increments of 
effective plastic strain . The kinematic hardening parameter k must 
account for the Bauschiriger effect in cyclic loading, and it may be 

taken as an adjusted value of k. As long as no load reversal occurs and 

k k 

the loading is proportional, k' is simply equal to k. However, k must 

be set to zero at the start of each increment in which a complete load 

reversal occurs, (A complete Toad reversal occurs when the incremental 

plastic strain vector has a direction exactly reversed from that of the 

previous plastic increment). For an incomplete load reversal, the 

BO PACE program computes the starting value for k ^ by multiplying the 

existing accumulated value of k by the factor (1 + COSINE )/2, where 

COSINE is the Cosine of the angle between successive incremental plastic 

• k k 

strain vectors. At the end of each increment, k becomes k + Ak. 





Because the Bauschinger effect varies with cumulative deformation in 

certain materials (e.g. it may become more pronounced as plastic cycling 

continues), BO PACE allows an additional option for the kinematic hardening 

to be defined as a product cf two functions. The first is a function of 
k 

k and defines the shape of the kinematic hardening, while the second is 
an additional factor which depends on k and defines the magnitude of the 
kinematic hardening. 
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In order to implement the BOPACE hardening theory, it must be determined 
how the size of the yield surface varies with temperature. In addition, 
the dependence of isotropic and kinematic hardening on the parameters k 

|y 

and k must be determined. This is accomplished by performing cyclic 
tests at several levels of constant temperature. After the cyclic 
hardening behavior is thus determined at different constant temperatures, 
an assumption must be made for variable temperature cycling. The hardening 
effects of variable temperature are illustrated in Figure 2.3-3. As 
long as temperature remains constant, plastic hardening behavior is 
defined by following the shape of a stress-strain curve at the given 
temperature, say to the point 0 on the Tg curve. If temperature changes 
to Tg, and then plastic deformation continues, an initial point must be 
determined on the T^ curve from which the new yield surface size and 
initial hardening slopes may be determined. This transfer from curve T« 
to curve T^ requires a definition of the basis for hardening, i.e. the 

U 

definition of the parameters k and tc . BOPACE allows the option of 
either plastic work or the sum of Increments of effective plastic strain 
to be used as the hardening basis. The strain and work options correspond 
to the respective points 1 and 2 in Figure 2.3-3. 


The hardening relationship determined from a series of cyclic tests may 
depend somewhat on the strain range used in a particular test. If 
strain range is a significant factor the tes.t conditions should duplicate 
the approximate expected strain range for which an analysis is to be 
made. The choice between plastic strain and plastic work as a basis 

I. 

for the hardening parameters k and k may depend to a large extent on 
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which basis provides the better overall representation of cyclic behavior 
at various strain ranges. 

Multiaxial Hardening Rule - The kinematic hardening rule employed in 
BOPACE is that due to Prager [5], It gives the increment of yield 
surface translation in terms of the incremental plastic strains, as 

Aa.j = Aej h c I.y Aejj (2.3-3) 

where c is the kinematic contribution to the slope of the uniaxial 
stress vs. plastic -strain curve, and I is the identity matrix. An 
alternate hardening rule due to Ziegler [8] is preferred by some plas- 
ticity analysts because the form of Ziegler's rule does not change with 
reduction in the number of spatial dimensions, and it is therefore 
supposed to simplify the calculations. Prager's rule is considered more 
acceptable from a physical point of view, however, and it presents no 
difficulty when all components of the required tensors are retained as 
they are in the BOPACE programs. Note that for Prager's kinematic 
hardening rule, the deviatoric stress center is equal to the stress 
center, i.e. a^ = a.-. 

The isotropic hardening, i.e. change in size of the yield surface due to 
plastic deformation, is defined for a proportional test loading by 

M (2 - 3 - 4) 
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where r is the isotropic contribution to the slope of the uniaxial 
stress vs. plastic-strain curve. 

The necessary condition that stresses remain on the yield surface is 
satisfied by taking the differential of Equation 2.3-1. The condition 
is F = 0, which to a first order approximation can be shown to give 

Sj £a.| - S.J Aoc,| - s° As° - 0 (2.3-5) 


or 


s i Aa.j - AX “ 0 




“ 6 ) 


where 


i * 1 

A= X s i Aa i + x S 1 As 1 


A A _ A 

c ij s i s j + R ij s i s j 


(2.3-7) 


The key to a successful combined hardening theory is the proper deter- 
mination of the hardening variable A. BOPAGE uses input data hardening 
tables which give the yield-surface size and the surface translation as 

k 

functions of the hardening parameters k and k . These are two-dimensional 
tables for each material whose ordinates and abscissas are, respectively, 
temperature and hardening parameter. Given the initial values of k and 
ic^ at the beginning of an increment, and estimated values for ak and Ak^, 
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the corresponding increments of isotropic and kinematic stress increase 
are obtained from the hardening tables. (Hardening due to temperature 
change is included by adding it to the isotropic Stress increment.) 

The hardening slopes c and r are then computed, by dividing the incremental 
stress increases by the estimated increment of effective plastic strain. 
This procedure gives average values for the slopes e arid r during the 
increment, and tends to produce an accurate and stable numerical iterative 
process. Note that, in general, it is only the isotropic and kinematic 
stress increases, and not the slopes c and r, which the tables relate 
directly to the hardening parameters, (For a particular loading and stress 
state, the slopes c and r can at any given time be related indirectly to 

^ n 

the hardening parameters.) The choice of a test value for s in Equation 
2,3-7 is arbitrary, as long as it is a point on a yield surface of size 

A 

corresponding to s, i.e. , a surface with equal values of temperature and 
parameter k. it is convenient in BOPACE to take s c equal to s. 

Incremental Stress-Strain Relation - The incremental stress-strain 
relation now follows the development of References 9 and TO- Take 

Aa. - Dfj AEj = Bfj - bJj (2.3-8) 

where D e is the appropriate matrix of elastic constants. 


Then 


AX = s,j 


*1 - 


1 D i j s j x 


(2.3-9) 
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which gives 

* ■ *i °ij * k “L ;*> (2 - 3 - ,0i 

Substituting Equation 2-3-10 into Equation 2.3-8 provides the desired 
relation 


A0 i 



D t k 5 k h D tj \ 

A Vs D e s / 
m mn n / 



(2.3-11) 


or 


to, = (D'j + 0 ?J , uff • D,j tof P 


(2.3-12) 


D is the elasto-plastic Jacobian (tangent-stiffness) matrix relating 
incremental stresses to incremental elastic+plastic strains. In effect, 
it separates the elastic and plastic strains and determines the incre- 
mental stress corresponding to the incremental elastic strain, D p is 
the stiffness reduction due to plastic flow, and becomes zero for the 
case of infinite hardening, i»e. A = «>, or equivalently the total slope 
(c+r) of the stress vs. plastic-strain curve is infinite. 


To develop the plane strain relation we essentially carry out the 3-D 
matrix derivation, and then drop out all zz terms because for iterative 
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solution purposes Ae®* P = 0. For plane stress, the derivation is carried 
out using only the plane stress elasticity matrix. 

Effective Stress-Strain and p lastic Work - The concepts of " effective 
stress " and " effective strain " are related to plastic work , and are used 
in a limited way in the development of constitutive theory for the 
EG PACE program. 

Because they can easily be misapplied, especially in the presence of yield 
surface translation, the use and limitations of the concepts are briefly 
discussed here for the Mises plasticity theory. 

Due to characteristics of the Prager hardening theory, the following 
statements of equivalence and proportional ity should first be noted. 

Aa. = Act.* Ae? W-S.. $ S. (2.3-13) 

Because of the incremental nature of kinematic hardening, and 
are in general not proportional. 

The Mises effective stress cT is defined by 

s.. s.. (2.3-14) 

The incremental and cumulative values for plastic work, W p , are given by 

AW P = Ae!? (2. 3-1 5a) 

and 

W P = E a i Ae P (2.3-1 5b) 
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where z denotes suirmation over all increments. For the special case of 
proportional loading (i.e. loading in which all stress components are 
increased proportionately) followed by a constant stress level (i.e. no 
plastic hardening), the cumulative plastic work is given by 

W P = cr i e? (2 . 3-1 5c ) 

As a matter of convenience in computing plastic work, an increment of 
effective plastic strain, tef, has historically been defined by 

(Ai P ) 2 = §Ae P Ac p (2.3-16) 

At this point, however, care must be exercised in using the historical 
calculation for plastic work. If kinematic hardening were zero, then 
s. _ s., and because Ae!? is proportional to s.. the use of Equations 2.3- 
14 and 2.3-16 would give plastic work as 

AW P * ?AeP (2.3-17a) 

and 

W p =» Z ? Ai 13 (2. 3-1 7b) 
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If in addition, the condition were one of proportional loading and 
constant stress, then by defining the cumulative effective plastic 
strain, e?, in the same manner as Ae^ 3 we would have 

W p = ffiP (2.3-17c) 

Of course the Equations 2.3-17 in general are not valid , because of the 
presence of kinematic hardening and non-proportional loading. Thus 
plastic work must be computed from Equation 2. 3-1 5a and b, rather than 
from the product of effective stress and strain quantities. 


The quantity serves little purpose in a general plasticity analysis, 
although it is a tensorially invariant quantity and does provide a 
measure of net residual deformation. For a rational measure of deforma- 
tion history, either the plastic work, W p , or the sum of increments of 
effective plastic strain, i aP 3 , is appropriate. The difference in 
concept between the quantities Ir and z Ae^ should, however, be recognized. 

2.4 CREEP 

Stages - Metals characteristically exhibit the three stages of primary, 
secondary and tertiary creep. Figure 2.4-1 shows these stages in a 
typical creep history under conditions of constant temperature and 
stress. Because creep rate varies considerably during the different 
stages, the description of actual creep histories is considered to be 
essential for an accurate analysis. The BOPACE program accounts for 


2-21 


DO 6000 2J4S OftJG, 4/7 J 






THt 


COMPANY 


the creep time history by allowing the user to define, by a series of 
input points, the shape of the effective-creep-strain vs. time curve for 
each material. 


Temperature and Stress Effects - Creep rate in most metals is very 
dependent upon temperature and stress level . The BOPACE approach to 
creep analysis provides a reasonable description of temperature and 
stress effects, while avoiding excessive storage and computational 
*"?oui remen ts . For each material, BOPACE requires a creep 
curve shape which gives the relative variation of effect! ve-creep-strain 
vs. time for the various stages considered. This shape is assumed to be 
valid for all the temperatures and stress levels of the particular 
material. A table of creep factors for the material is then specified 
as a function of temperature and effective stress, and a portion of the 
actual creep curve is determined by multiplying the reference creep 
curve by the appropriate factor using the average temperature and stress 
during the increment. Figure 2.4^2 shows portions of typical creep 
curves for the special ease of constant stress level and variable temper- 
ature. Note that according to BOPACE assumptions these curves have the 
same shape. 

Hardening - As long as the temperature and stress level remain constant, 
an increment of creep is determined by following the corresponding creep 
curve for the given time increment. However, if temperature or stress 
level changes, an initial point must be identified on the corresponding 
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new creep curve in order to determine the new creep rate. This transfer 
from one curve to another requires an assumption for creep hardening, 
which in BOPACE is defined by a single hardening parameter, k C . BOPACE 
allows the option of either age. strain, or work hardening, for which k c 
is defined respectively as the accumulated time, sum of increments of 
effective creep strain, or creep work. Consider, for example, these 
options in Figure 2 . 4-3 for a case of constant temperature. Creep 
during the preceding increments has progressed to the point 0 on the ct-j 
curve. The average effective stress during the present increment is ar, r 
which gives the initial points 1, 2 and 3, respectively, for the options 
of age, strain and work hardening. Incremental creep for the current 
increment is then determined by continuing along the cr ? curve from the 
appropriate initial point, for a distance equal to the specified creep 
time increment. In the general case both temperature and stress will 
vary from one increment to the next, but the hardening option still 
determines in the same manner how the transfer is made between the creep 
curves . 

Load Reversal - The main use of the creep-hardening parameter k c comes 
into play during a load reversal. When a complete reversal occurs, k c 
is set to zero and the initial point on the creep curve is taken as that 
corresponding to a zero value of k c . {A complete load reversal occurs 
if the incremental creep-strain vector has a direction exactly reversed 
from that of the preceding creep increment.) For an incomplete load 
reversal, the BOPACE program computes the starting value for k c by 
multiplying the existing value of k c by the factor (1 + C0$INE)/2, where 
COSINE is the Cosine of the angle between successive incremental creep 
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strain vectors. Parameter k g then accumulates as before, i.e. at the 
end of each increment k c becomes k c + Ak g . 

Multi axial Flow Rule - The incremental creep-strain vector has historically 
been taken normal to a Mises type of surface which passes through the 
stress point. When kinematic plastic hardening is considered, this 
surface could be taken either as the actual translated yield surface, or 
as an untranslated surface which passes through the stress point but 
whose center remains at the origin. The appropriate choice of surface 
is not clear, and the multi axial creep flow rule is tnerefore defined on 
the basis of programming simplicity. BOPACE defines multiaxial 
creep under elastic conditions by 

Ae G = (j AeVo) (2,4-1) 


where As c is the increment of effective creep strain defined by 

(A^) 2 - f A^ Ae G (2-4-2) 

while a and s are evaluated at the beginning of the increment. 

Creep which occurs under plastic conditions is taken in the same direction 
as that of the plastic strain increment (see Section 2.6). 


2-25 

r 


aa 6uco ? 1 45 ORt6. */7t 



the 


COMPANY 


2.5 COMPLETE STRESS-STRAIN RELATIONS 

In Sections 2.1 to 2.4, the basic theory used in 30PACE for elasticity, 
thermal strains, plasticity and creep has been discussed. The present 
section describes the complete stress-strain relations, and the manner 
in which simultaneous elastic, plastic, thermal and creep strains are 
accounted for. The combined effects of temperature-dependent elasticity 
and plasticity are included. 

general 3-D Relations - For temperature-dependent behavior, an elasto- 
plastic incremental stress-strain relation follows from Equations 2 . 1 -5b 
and 2.3-8: 


4 °1 ° 4D fj «J° + ®(J - B?j SjX (2.5-1 ) 

Here the first term accounts for stress change due to change in elastic 
properties, while the second and third terms account for stress change 
due to change in elastic strain. Following Equation 2.3-9, 

AA * s t Aa i - S i AD®j. e®° + s 1 Ae® +P - s j S^A (2.5-2) 

where again 


A * c u s i s j + R °j 3 


(2.5-3) 
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For the general case of temperature-dependent plasticity, R° accounts 
for isotropic hardening due to both plastic deformation and temperature. 
Then 


X = 


A 



AD 


eO 


ii-ii 


A + 


S k 



(2.5-4) 


Substituting Equation 2.5-4 into 2.5-1 gives 


("Si- 


^1 A ^ 

0 1k s k s * D Jlj 

A + s m D„ ‘ s 
m inn 


i) p 


or, using abbreviated notation 


AO. 


, - Kj + iD ij> f ♦ + 


:,el 


iPh a e+p 


(2.5-5) 


“ij f + »ij -r 


(2.5-6) 


Thus the increment of stress can be determined as the sum of two products 
an incremental matrix times the initial elastic strains, plus an end-of- 
increment matrix times the incremental elastic+plastie strains. 

This formulation was used by the original B0PACE program in the Iterative 
stress-strain algorithm for temperature dependent materials, and is 
developed here for the sake of clarity. The present BOPACE program, 
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however, employs an improved iterative algorithm, which allows an additional 
benefit by substituting the simpler Equation 2.1 -5a for 2.1-5b, Details 
of the new algorithm are discussed in Section 2.6. For either approach, 
the formation of the tangent stiffness matrix is based on Equation 2.3- 
12, with quantities evaluated at a single appropriate temperature. (In 
updating the matrix the temperature used is that at the end of the 
increment) - 


2.6 IMPROVED ALGORITHM FOR INELASTIC CALCULATIONS 

Summary of Basic Concepts - The iterative residual -force procedure is 
often employed with an incremental solution for inelastic (plasticity 
and creep) problems, in order to avoid accumulated error. Each iteration 
in the residual -force procedure involves the following two stages. 

1) Equilibrium and Compatibility: Given the current residuals (unbalanced 

forces or stresses), the equilibrium and compatibility equations 

are applied in order to predict art improved configuration (of 
displacements and strains). 

2) Separation of Strains: Given the current strains, some algorithm 

based on- the inelastic material theory is applied in order to 
separate the strains into their elastic, plastic and creep portions, 
and thus provide the resulting stresses. 
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When this procedure has converged to the correct result, the following 
conditions will be met. 

1) Forces in equilibrium 

2) Displacements compatible 

3) Plastic strain increment satisfies normality rule 

4} Size of yield surface consistent with deformation history 
5) Translation of yield surface consistent with deformation history 

The overall BOPACE solution technique based on the residual -force 
procedure is summarized in Section 4. The puroose of the present section 
is to discuss the details of a new algorithm which has been developed 
and incorporated into BGPACE, for improving the convergence and accuracy 
of the inelastic stress-strain calculations. This algorithm defines the 
implementation of stage 2 (separation of strains) in the residual -force 
iterative procedure. 

Background - The theory already presented in Sections 2.1 through 2.5 
may be employed for both stages of the iterative procedure, and in fact 
equations of the type 2.5-5 were used for all stress-strain calculations 
in the initial version of BOPACE. Convergence difficulties resulted 
from the use of this approach in stage 2, however, when the incremental 
inelastic strains were large relative to the cumulative elastic strains. 
These difficulties were substantially eliminated by properly controlling 
the direction defined for the incremental inelastic strains. (The 
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reason for the difficulties and the method of control were presented in Ref- 
erence 11). Another quite different approach is based on a "strain-space" 
concept, and was presented by Barsoum in Reference 12 with the claim of a 
significant improvement in efficiency. That approach was therefore modified 
appropriately to make it suitable for a finite element solution procedure, 
and incorporated into the BGPACE program. Because the method as presented 
in Reference 12 assumes kinematic hardening only, it was extended to include 
the combined isotropic and kinematic hardening provided by BOPACE. In addi- 
tion, some -further techniques for accelerating convergence we*~e identified 
and incorporated into the strain-space method. The resulting BOPACE algor- 
ithm appears to be a significant improvement, and it has been made a permanent 
part of the current program. Although the implementation of the algorithm 
to include creep, temperature dependent elasticity and plasticity, etc., is 
somewhat complicated, the basic procedure will be detailed here. 



Basic Definitions and Comparison of Algorithms - The new inelastic 
algorithm involves calculations in the "deviatoric strain space," rather 
than the more conventional "deviatoric stress space" used in previous 
BOPACE programs. For the sake of clarity, the previously used stress- 
space algorithm will again be summarized here, and the elastic-plastic 
quantitites used in the new strain-space algorithm will be defined and 
compared with previous quantities. 


■i „■ 

■j- ■ 
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As described in Section 2.3, the definition of a plasticity theory 
requires assumptions for three basic constituents: a yield surface, a 

flow rule, and a hardening assumption. BOPACE development is based on 
the Mises yield surface, and this surface is represented by a hypercircle 
in 9-dimensional deviatoric stress space, as shown in Figure 2. 6-la. 

The surface is defined by the equation 


A * 

s i s i “ s i s i 


( 2 . 6 - 1 ) 


where s is the deviatoric stress, s = s - a is the relative deviatoric 
stress and defines the isotropic hardening, a is the surface translation 
and defines the kinematic hardening, while s° is a reference value of s 
and must be known as a function of plastic deformation (e.g. from a 
uniaxial test). Point A in Figure 2,6-la is the origin of the deviatoric 
stress space, point B is the current center of the yield surface, and 
point C represents the current state of deviatoric stress. A stress 
point on the surface corresponds to a plastic state. According to the 
Prandtl-Reuss flow rule, the direction of the incremental plastic strain, 
Ae* 3 , is normal to the yield surface at the current deviatoric stress 
state, s. A solid circle ( • ) in Figure 2.6-1 denotes a point which 
remains fixed throughout the increment, while an open circle ( 0 ) denotes 
a point which moves during, the increment. In order to achieve greater 
accuracy and allow larger load increments, BOPACE evaluates moving points 
such as B and C at the midpoint of the plastic increment. Additional 
details of the BOPACE stress-space algorithm are discussed in Section 2.3. 
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For the new strain-space algorithm, the three basic constituents of the 
plasticity theory remain unchanged, and direct use is made of the stress- 
space theory and nomenclature. However, we now work with a yield surface 
and associated quantities in strain-space. Thus we compute the deviatoric 

g 

elastic strain, e , in terms of the deviatoric stress, s, by 

e® = s./G (2.6-2) 

where G = E/(l+v) is a tensorial shear modulus. Similarly we define a 
"strain center", p, in terms of the stress center, a. by 

6 i *ct./G (2.6-3) 

Then the relative deviatoric strain, e, is defined by 

e 1 “ e i " 3 ( s i " o: i^ G 3 V G (2.6-4) 

The geometrical interpretation of the new algorithm involving these 
quantities is provided by a sketch in 9-dimensional deviatoric strain- 
space, shown in Figure 2.6-lb. There point 0 is the origin, defining 
the initial undeformed (zero strain) state. Subsequent deformation is 
caused by a series of load increments, resulting in elastic and plastic 
strains. A superscript 0 is used to denote the value of a quantity at 
the beginning of the load increment. Thus, point A defines the cumulative 
plastic strain, e p ®, which exists at the beginning of the current increment. 
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(Because of the plastic incompressibility assumption, the plastic 
strains themselves are deviatoric strains). All other points in Figure 

2.6- lb refer to locations at some time during the current increment. In 
particular, we will be mainly concerned with the location of these 
points at a defined reference time. This reference time may be taken at 
the end of the increment, following the approach of Barsoum [12], or 
greater accuracy may be obtained at the expense of some additional 
variable storage by taking the reference time at the midpoint of the 
plastic increment, as is done in the new BOP ACE algorithm. Point D 
defines the total cumulative deviatoric strain, e, at the reference time. 
The circle is associated with the Mises yield surface, but is a hyper- 
circle in the deviatoric strain space. A strain point within the 
surface corresponds to an elastic state, while a strain point outside 
the surface corresponds to a plastic state. The size of this circle is 

f-V 

defined by its radius e..(e.j = s^/G), whereas the Mises stress-space 
surface has radius s. The center of the circle is at point 8 (B. = 

+ 8.. = e!j + a^/G), whereas the center of the Mises stress-space 
surface has components . During plastic deformation, the strain-space 
surface may undergo both expansion (due to isotropic hardening), and 
translation (due to kinematic hardening). The cumulative deviatoric 
elastic strain, e e , is defined by the vector AC (e® - s^/G). From these 
comparisons it should be apparent that the basic quantities in Figures 

2.6- la and b, respectively, can be made to coincide, if points A 
are superimposed and all dimensions in 2.6-lb are divided by the 
factor G. The incremental plastic strain, &e p , is defined by the 
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vector CD. It is normal to the circle because of the Prandtl -Reuss 
flow rule, and is therefore col inear with the radius e to point C. 
The vector B0 = e + is denoted by E 1 . The symbols e 1 , e e , Ae^ 

f 

and E' are consistent with their usage in Reference |2. 


Computation Procedure - We now define the new strain-space algorithm 
for implementing stage 2 of the residual -force iterative procedure. 

The problem which must be solved can .he stated in terms of the various 
strain vectors. At the beginning of the increment, we have known 
values for (which remains constant during the increment), and for 
e e , and e. These have been determined such that they are all 


consistent, i.e., such that the appropriate vectors meet at single 
points A, B and C. The current estimate for the value of e' at the 


reference time is also known from stage. 1 of the iterative procedure. 

We must then determine values for e, e', e and Ae k at the reference 
•time, consistent with the convergence requirements. Stated somewhat 
differently, we are given the locations of points A and 0 at the reference 


time, and the locations of points B and C at the beginning of the increment. 
We must then compute the locations of B and C at the reference time, 
consistent with the convergence requirements. 


The basic steps of the stage 2 algorithm are summarized by the following. 

1) Given values at beginning of increment for: 
cP - stress center 
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= relative deviatoric stress 

SO 

e = elastic strains 

2) Given = total (elastic + plastic) strain from stage 1. 

3) Take values at reference time, based on estimated incremental 

deformation, for: 

Aa “ kinematic hardening increment 

A 

A | sl - isotropic hardening increment 

4) Compute: e| + el - e!? 0 = initial elastic strain + total strain 

increment 

e- = corresponding deviatoric value 

5) Compute: ^ = (a? + &a^)/G 

let - (i?| + i|s|)/G 

I 1 

6) Compute: - 6- 

7) Compute: x = (jE J - |e|)/|E | = plastic proportional ity constant 

8) Compute: Ae? - XE^ = incremental plastic strain at reference time. 

Adgust Ae? +- Ae^ times ratio (ratio = total time increment / 
reference time increment, to obtain total plastic strain in- 
crement. Set a and |s| values based on Ae P . 

9) Compute end of increment values for: 

e® = e| - Ae!j = cumulative elastic strain 
o- = e® = cumulative stress 

TO) Use g to compute residual forces and residual norm, and return to stage 
1 if convergence has not been achieved. 
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The strain-space algorithm presented above corresponds to that given by 
Barsoum [12] except that here a combined isotropic and kinematic hardening 
is provided and a reference (midpoint) time calculation of the incremental 
variables is used to improve accuracy. As noted by Barsoum, greater 
consistency and better convergence are obtained by utilizing an algorithm 
in strain space rather than in stress space. This is because the stress- 
space calculation fixes the Ae P vector along the direction of a previous 
s vector, rather than simultaneously fixing the directions of s and Ae K 
consistent with the given total strain increment Ae. The stress-space 
algorithm can cause large tangential oscillations in the location of point 
C, resulting in divergence if Ae P is Targe relative to the cumulative 
elastic strain. 

Although a strain-space algorithm as described will eliminate most of the 

inconsistencies and tendencies toward divergence, it should be noted that 

an inconsistency still exists in the plastic hardening quantities. This 

**» 

is due to updating a and s based on the estimated increment of plastic 
deformation, which will not in general be consistent with the actual 
deformation. Thus, if another iteration were performed using the same 
value for the total strain increment Ae, different results would be obtain- 

A 

ed due to change in 8 and e. This inconsistency in the basic strain-space 
space algorithm often results in poor convergence, with radial oscillations 
of points B and C from one iteration to the next, espacially if the plastic 
hardening slopes (c and r) are relatively large. 

The present strain-space algorithm eliminates the difficulty by properly 
modifying the calculation of a in step 7. In this modification we use 
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the parameters c and r associated with kinematic and isotropic hardening, 
respectively, in the expressions 

2 . P 

4 «i = -j £4 ‘i 

4|s[ = | r|is p | (2.6-6) 

The E* vector can then be written as 

E i ■ - B i ■ e i - < B ? + A8 1> 

= e! - e? - Aa. ,/G = ej - 8® - | G Ae?/G (2.6-6) 

D 1 t 

Replacing Aec in this equation by , we may solve for E . : 

= (e! - g?)/(l + | Ac/G) (2.6-7a) 

In a similar manner we may obtain 

jel = je°| + |xr|E'|/G (2.6-7b) 

The plastic proportionality constant, as already defined, is 

X = (|e‘ | - ;f e | )/ 1 E* 1 ( 2 . 6— 7c ) 

It is apparent from Equations 2.6-7 that the expression for x is non- 
linear ly dependent upon A itself, and this is the reason why consistent 
A is not solved for directly. An accurate value for A, however, can 
easily be obtained by a “linear intersection method." In this method 
we take the approximate value of X from step 7 of the stage 2 algorithm, 
and substitute into the Equations 2*6-7 to obtain a new computed value 
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;\ c q. We then assume a value of A + ax, where aa is a small change 
(perhaps ,01x), and again substitute into Equations 2.6-7 to compute 
another value x^. The two pairs of assumed and computed x values are 
plotted in Figure 2.6-2. The correct value for x lies on the 45-degree 
line (since there the assumed and computed values would be equal), 
at the intersection of this line with the line connecting the two 
plotted points. This corrected value of X is obtained by the following 
adjustment of X from step 7. 

x «- X + AX(X c0 - X )/( AX - X cl + A c0 } (2.6-8) 

The incorporation of this adjustment into the strain-space algorithm 
provides consistent values for all quantities in stage 2 of the iterative 
process, and results in improved convergence. 



Figure 2.6-2. Linear-Intersection Calculation for \ 
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Further Extensions and Refinements to the Basic Algorithm - The strain- 
space algorithm as presented here is employed in BOPACE for plastic 
analysis. In addition, the BOPACE algorithm treats creep strains in 
a manner similar to that for the plastic strains. For cases where the 
material is elastic at the beginning of an increment and then reaches 
the plastic yield point at some intermediate time during the increment, 
greater accuracy is obtained by dividing the calculations into two 
parts. In such cases the initial creep is taken in the direction of 
the initial deviatoric stress, and creep which occurs after the yield 
point is taken in the same direction as the plastic strain increment. 
Other extensions, such as temperature dependent elastic-plastic-creep, 
have also been incorporated into the BOPACE program. 
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2.7 ANISOTROPIC ELASTICITY 


The anisotropic stress-strain relation for 3-dimensional analysis may be 
written in the general form 

where D is a 6 x 6 symmetric matrix of elastic constants. In order to 
provide a simple form of temperature dependence in its anisotropic elas- 
ticity, BQPACE includes a factor, f, which may be specified as a function 
of temperature. The stress -strain relation then becomes 


a,=f(T)D,. e f (2.7-lb) 

l I VI J 

Thermal strains are introduced for the anisotropic material, by speci- 
fying each normal thermal strain component as an independent function 
of temperature. Thus, 


t _ t 
e xx e xx 
t _ t 

e yy E yy 

t _ t 


(T) 

(T) 


(T) 


> 


(2.7-2) 


The current BQPACE version does not provide plasticity or creep for 
ani sotropic materi al s . 


2.8 REDEFINITION OF MATERIAL PROPERTIES 


It is desirable to provide maximum versitility for definition of material 
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properties, without unnecessarily complicating the form of input and . 
storage. Toward that end, BOPACE allows redefinition of any material 
properties, at the start of each load increment. This allows the user 
to modify material properties, for example, to approximate some of the 
following types of behavior. 

1. Differences between tensile and compressive properties 
(redefine material as function of current stress state). 

2. Crack surface and other tension cutoff situations. 

3. Treatment of plasticity or creep behavior which does not 
follow, during the entire deformation, the theoretical 
behavior of a single material definition. 

4. Treatment of temperature dependent anisotropic materials, 
for which the entries of the elasticity matrix do not all 
vary proportionately with temperature. 

Some caution must of course be used in redefining material properties, 
in order to prevent significant discontinuities in behavior, which could 
lead to inconsistent results or difficulties in convergence of the 
solution. 
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3.Q FINITE ELEMENT FORMULATIONS 

The BOPAGE program provides a family of isoparametric (curved boundary) 
finite elements, with a user-selected number of nodes along each element 
boundary. The simplest elements of this family are the 2-node rod, Vnode 
quadrilateral and 8-node brick, and various higher order elements of the 
family are defined by adding additional edge nodes to the basic corner 
nodes. BOPACE allows each element edge to contain an optionally different 
number of arbitrarily spaced nodes (from 2 to 5), resulting in a total 
maximum number of nodes equal to 5, 16 and 44 on the rod, quadrilateral 
and brick elements, respectively. The arbitrary number and spacing of 
nodes allowed by this family provides versatility for representing complex 
geometries, and also makes variable mesh spacing convenient. 

This section discusses the elemental-level formulations, including the 
isoparametric formulation and shape functions, the calculation of ref- 
erence-point and nodal quantities, the stiffness matrix generation, and 
the numerical integration process. 

3.1 ISOPARAMETRIC FORMULATION AND SHAPE FUNCTIONS 


The isoparametric finite element concept involves the definition of shape 
functions over a simple "parent" element. These functions then serve a 
dual purpose: 1) they map the geometry of the parent element into an 

element of the actual body, and 2) they accomplish the usual -ifa'sk of 
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interpolating the field quantities (e.g., the temperature and displacements) 
at any point within the element in terms of the nodal quantities. A 
detailed discussion of isoparametric formulations is given in the book 
by Zienkiewicz [13], 

Typical BOPACE isoparametric elements are illustrated in Figure 3.1-1. 
with both their parent and actual forms. The discussion in this section 
will be presented mainly in terms of the 3-dimensional BRICK element, 
but the procedure for other elements follows a similar development via an 
appropriate reduction in dimensions. 

Element Coordinates, Nodes and Reference Points - The parent BRICK 
element is defined as a 2 x 2 x 2 cube, having an associated Cartesian 
coordinate system S-rrS with origin at the center of the cube and axes 
normal and parallel to the faces (the coordinate normal to a face has a 
value of +1 on that face). The nodes of the actual element define its 
generally curved boundaries (each edge is a space curve defined by the 
polynomial through its nodes). Element nodal quantities (forces, dis- 
placements, stiffnesses) are referred at this stage to the basic X-Y-Z 
coordinate system, which is a global Cartesian system for the entire 
structure. Each element also contains a number of reference points, 
located in its interior or on its surface. These points include the 
integration points required for solution, plus an optional additional 
number of user-selected points. (The additional points are for the 
purpose of output only, and have no effect on the solution). Element 
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reference -point quantities (strains, stresses, etc..) are referred to the 
x-y-z coordinate systems, which are Cartesian systems defined for each 
point. It should be noted that for ROD or QUAD type elements used in a 
3-dimensional problem, the reference-point coordinate system axes must 
logically be tangent to the centerline or surface of the element. Co- 
ordinate systems are discussed in more detail in Section 4. 

Element Geometry and Field Quantities - Each element node has an associated 
shape function given in ternis of the E-n-c coordinates, i.e., at the ith 
node the shape function is denoted by (e, n» ?)• These shape functions 
define the geometry of the actual element by a pointwise mapping from the 
parent element. Thus in the actual element the X-coordinate of a point 
is given by 

X = X 1 nVe, n, c) (3.1-la) 

Here (e, n, z) are the coordinates of the corresponding point in the 
parent element, and X 1 is the X-eoordinate of the ith node, with summation 
implied over i. Similar expressions are used for Y and Z coordinates. 

Field quantities such as temperature, and displacements U-V-W (in the 
X-y-Z directions , respectively), of a point in the actual element are 
defined in the same manner. For example, the U-displacement of a point 
is defined by 


U = U 1 ' N 1 (e, n, z) 


(3.1-lb) 
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where II 


1 


is the U-displacement of the ith node. 


Displacement Derivative Calculations - At each reference point in the 
BOPACE element, the spatial displacement derivatives must be expressed 
in terms of the nodal displacements. To accomplish this, we first 
define a matrix g at the reference point, consisting of the nodal shape 
functions differentiated with respect to the 5-n-e coordinates: 


9 = 
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(3.1-2) 


A Jacobian matrix, J, at the point is computed as 


J 4 . = g. X. 
U y im .1 


am 


(3.1 -3a ) 


where X.. is the X-Y-Z system ith coordinate of the jth node. The 
‘ J 

Jacobian has the form 
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(3.1 -3b) 


3-5 


DO fiOOO 2**3 ORIC. 4/7 1 



THE 


COMPANY 


In general the X and x coordinate systems are different, in which case 
a transformation matrix, C, of direction Cosines is defined at the ref- 
erence point, such that 


yh [CJ 

7 

The Jacobian is then transformed by 


X' 

Y 

1, 


(3.1 -4a) 
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id 


= J. c. 

im jm 


(3.1 -4b) 


Finally a transformation is applied to the g matrix, of the form 


g 


id 


-a : 1 


im 9 mj 


(3.1-4) 


This inverse Jacobian transformation produces the desired form of the 
partial derivative matrix g, which is 


1 

aN 1 

aN 2 _ 

_ aN n 

3X 

ax 

ax 

aN 1 

aN 2 __ 

aN n 

3y 

sy 

ay 

BN 1 

3N 2 __ 

ai t 

1 

Ml 

32 

3Z 


A composite matrix is then defined by 
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goo 
G = o g o 
-o o g 


(3.1-6) 


New to define displacement derivatives we will find it convenient to use 
both the vector (single subscript) and matrix (double subscript) forms 
interchangeably. Thus we define, for example. 
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(3. T— 7a) 
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(3.1 -7b) 


If we arrange the vector q of element nodal displacements in the form 

q = ^U 1 U 2 U 3 U 4 l/ 1 , V 1 V n , W 1 W") 

(3.1-8) 

we may write the important relationship between displacement derivatives 
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and nodal displacements, in the form 


6 j = G ij q j 


(3.1-9) 


The reference-point system derivatives 5 may be obtained from the mixed 
derivatives a' by the transformation 


a j j — C * 0 ^ 

ij im jm 


(3.1-10) 


In constructing the BOPACE program logic it is actually more convenient 


to rearrange the q-vector so that the U-V-W displacements at a partic- 
ular node are grouped together. This also requires rearrangement of the 
columns of the 6 matrix. However the calculation and storage of the g- 
matrix for each reference point occurs in the simple form of Equation 
3.1-5, and required operations involving the 5 matrix are performed 
simply by an appropriate indexing procedure, taking full advantage of 
the evident sparsity in the given form of 5. 


General Considerations for the Shape Functions - The shape functions for an 
element are derived so as to have the following characteristics. 

1) . Each function is independent, having a unit value at its associated 

node and zero values at all other nodes. 

2) Each function satisfies interelement continuity requirements, 
having zero values on all edges and faces except those on which 
its associated node is located. 
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3) In order to guarantee convergence with mesh refinement, any state 
of constant displacement derivatives within an element must be 
obtainable by a linear combination of the shape functions. 

The derivation of shape functions which satisfy these requirements has 
often been accomplished by trial and error or by chance discovery, as in 
the case of the so-called "serendipity" isoparametric elements of Reference 
13. A rational approach to the same functions, however, is provided 
through the use of Lagrange interpolation, and this approach proves to 
be more general as well. By means of Lagrange interpolation, two types 
of elements are provided in BOPACE, depending upon the manner in which 
the mapping between parent and actual elements is accomplished. The 
"proportionate" mapping provides elements which usually perform better 
for general analysis, while the "serendipity" mapping provides elements 
which are useful for crack-tip analysis. The following paragraph 
describes the two types of mappings used in B0PACE, and their application 
to regular and crack-tip types of elements. 

Proportionate and Serendipity Mappings (Regular and Crack-Tip Elements ) - 
The edge nodes may be arbitrarily spaced along the edge of the actual 
element. With the proportionate mapping, the edge node positions on the 
parent element are determined by using their perpendicular projections 
onto the straight line connecting the appropriate two corner nodes of 
the actual element, with a proportionate mapping of this line back onto 
the edge of the parent element. Thus a variable spacing of the edge 
nodes generally occurs on the parent element itself. With the 
serendipity mapping, the edge nodes are uniformly spaced on the 
parent element, and receive their variable spacing on the 

3-9 


0O 6000 Z145 ORJG. 4/7 1 



THHT 


COMPANY 


actual element through mapping by the shape functions. Then by proper .user 
location of the nodes along appropriate edges of the actual element, a 
crack-tip analysis capability is created, providing displacements and 
singular strains which vary in a half-power and inverse half-power 
relationship, respectively, along these edges. For example, location 
of midside nodes at the quarter points (one -fourth the distances along 
the edges from the crack tip to the opposite corner nodes) creates the 
singular crack-tip element described in Reference 14. It is to be noted 
that the required strain singularity is exact along the element edges, 
but only approximate within the element interior. The proportionate 
mapping is usually more accurate for general analysis, because the dis- 
placements and strains vary as polynomials rather than as half powers or 
other functions. The capability for representing basic lower order, 
strain states is therefore disrupted to a lesser extent with the pro- 
portionate mapping. The following discussion of the BOPACE element 
functions is conveniently presented by first describing the interior 
edge node functions, and then defining the corner node functions. 

Edge Functions - Consider for example, a particular edge of the parent 
element, which is parallel to the % direction and has nodes 1, 2, — m 
arbitrarily spaced along its length. A Lagrange interpolation function 
for the ith node on this edge is formed by taking the product 


(c - e-jMe “ 5 2 J— (e - - € i+1 ) — U - ? m ) 

It is to be noted that this product is nonzero at node i and is zero at 
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all other nodes along the edge. It is a polynomial of order m-1 . This 
product is then supplemented by giving it a linear variation in the 
other two coordinate directions, i.e., by multiplying by the product 


tn - tiqHc - Sq) 

where rig and ^ are coordinates (+1) of the opposite edges. Finally a 
unit normalized function is obtained after dividing by the value which 
the function takes on at its associated node. Thus the final shape 
function for the 1th node of the edge is 

N*U, n> ?) = (j (? - Sj))(o - n Q )(c - ? 0 )/ (normalization factor) 

(3,1-lTa) 

where the ir product sum is taken over all nodes on the edge except the 
ith node. 

The derivatives of this function which are required for BOPACE analysis 
are obtained from the following expressions. 

||l =N i e — Le-.jjU (3,1 -Hb) 

j=l 5 - 

NV(n - n 0 ) (3.1 -lie) 

ff- = nV(c - C 0 ) (3. 1-1 Id) 
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The, shape functions and their derivatives, for edge nodes of edges 
parallel to the n and z axes, follow directly from Equations 3.1-11 
by cyclic permutation of the coordinates E-n-c. 

Corner Functions - The shape function for a corner node is most effec- 
tively obtained in two parts— the "linear" function and the 'deviation 
from linearity." ihe linear function is the function which would be 
used for an 8-node brick without edge nodes. For example, this function 
for the corner node atc js n s =c = l,is 

N = 1 (1 + S){1 + n)(l + c) (3.1-1 2a) 

which provides displacement states in which all edges remain straight. 

The edge nodes during such displacement, of course, undergo nonzero dis- 
placements, and these must be eliminated by the addition of the deviation- 
from-linearity functions. Such functions are simply the edge node 
functions already discussed. Thus the total shape function for the 
above corner node is 

N = (1 + e)(l + n)0 + C) - ZaV (3.1-1 2b) 

where the summation is performed over all edge nodes. 

Each coefficient a 1 is the value of the corner function 3.1-1 2a evaluated 
at the ith edge node, and N 1 is the shape function of the ith edge node. 
Shape functions for other corner nodes are obtained in the same manner, 
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after appropriate changes of sign (+1 ) in Equation 3.1-10a. 
3,2 STRAIN, FORCE AND STIFFNESS QUANTITIES 


Strains - The Lagrangian strain, e, is defined in terms of material dis 
placement derivatives, e, at a point in the body, by 


1 


e i 55 A0 ij e j + 7 A1 ijk 9 j e k 


(3.2-1) 


Here AG and A1 are constant coefficients which define the strain tensor 
with A1 providing the (geometrical ly) nonlinear portion of the strain. 
In terms of engineering strain components, this equation may be re- 
written with the linear (AO) contribution in expanded form, as 
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(3.2-2a) 

where x-y-z and u-v-w are the coordinate directions and corresponding 


displacements, respectively, for the point. 
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Here the nonzero terms of A1 are 
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(3.2 —2 b ) 

and a useful form for the nonlinear contribution is defined by 
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(3 . 2— 2c ) 

Because of the symmetry of A1 (Al^ = Al.^.), the differentiation of 
Equation 3.2-2a provides the strain rate, l, in terms of the displacement 
derivative rate, 0, In the simple form 


e i = ^ A0 ij + A1 ijk 6 k^ e j 


(3.2-3) 
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Forces - The principle of virtual work, is valid for arbitrary nonlinear 
materials, and It provides a simple basis for deriving the element force 
and stiffness relations. The equivalence of external and internal 
virtual work relates the generalized nodal forces p. and displacements 
q, in the element equilibrium equation 


‘ j/ v 


s ei a. dv O / v Se, 


"Tj 


Ae . )dV 

J 


(3.2-4) 


which holds along any equilbrium path in the neighborhood of a particular 
equilibrium (*) configuration. (The integral expression in Equation 3.2-3 
is exact, except that only the first order incremental stress-strain 
relation involving the DO matrix is used. Its use does not lead to 
inaccurate results in the solution process because of the equilibrium 
check and midpoint residual -force corrective iterations which are 
performed.) Here Se and sq are kinematically consistent variations, and 
from Equations 3.2-3 and 3.1-9 (ignoring, for simplicity, the overbars 
which denote coordinate system) 


&£ i = (AG ij + 


The theoretical imp 
second Plola-Kirchoi! 


1,-,-u e. ) (S 0 . = A.. 60,. a A. G • 6q. s B.. 6q. 
ijk k' j tj j im mj ij 

(3.2-5) 

ementation of Equation 3.2-4 requires the use of the 
f stress associated with Lagrangian strain, with 
integration over th4 undeformed volume (e.g., see Oden and Key, Refer- 
ence 15). However tjhe small strain assumption is used in the BOPACE 
formulation, so that! the stress may be taken as the usual engineering or 
true stress. (A general large strain development is presented in the con- 
text of perturbation solution methods. In References 16 and 17.) 
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Substituting for $s in terms of ■Sq, and realising that Equation 3.2-4 
must be satisfied f&r arbitrary variations aq, provides the basic 
equilibrium equation for forces, a* 


Pi ° h 6 aft 


dV 


h G mi CAO a . + Al amn filter* + DPJ Ae b )dV 


(3.2-6e) 

or at a particular equilibrium (*) configuration, where a - a* and 


9 = e*. we have 


p? ■ /v G m1 < A ° am + ««, 9 S> * * /» Smi A am °t* 


(3 .2— 6b) 


Stiffness Differentiating Equation 3.2-6a and evaluating at the 
particular equilibrium configuration Ue * 0, e = e*, etc.) provides 
the first order equilibrium rate equation 

Pi = K0 Tj (3.2-7) 

where 

K °ij ’ h «m1 < AO an> M Sb A0 b„ + «! A W G „j dv < 3 ' 2 " 8 > 

The "tangent stiffness" matrix KO* as given by Equation 3.2-8 is clearly 
separable into two parts— the geometrically linear and the geometrically 
nonlinear contributions. The first contribution to KO* is due to the 
incremental stress -strain relation, and its symmetry depends on symmetry 
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of the matrix DO*. The second contribution is due to the initial 
stresses during changing geometry, and is always symmetric in form. The 
incremental form of Equation 3.2-7 is of course 

*P t - KOtj Aq^ (3.2-9) 

and is the basis for BOPACE solution procedures. In generating the 
tangent stiffness by Equation 3.2-8, a matrix H* mn = AO DO* ^ AG bn + 
a* A1g mn is first computed. s after which the product H* mn G n j is 
formed. The geometrically nonlinear part of H is given by 
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The stiffness generation procedure described here takes maximum advantage 
of sparsity in the G matrix, and also allows the inclusion of geometric 
nonlinearities as a simple optional program step. 

3.3 NUMERICAL INTEGRATION 

The integrals which define force and stiffness quantities in the BOPACE 
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program are calculated b.y numerical integration using Gauss product 
formulas, and must be evaluated over the volume of the actual element. 

The mechanics of the Integration process, however, are best accomplished 
over the parent element, where there are simple integration limits in 
terms of the c Cartesian coordinate system. Integration is therefore 
taken in the form 

J v f dV - /+] /+] Jl] f U,n*c) | J| dt;dndc (3.3-1) 

where f is the function to be integrated, and j J j is the Jacobian 
determinant which corrects for the fact that a differential volume 
(dxdydz) in the actual element is equal to |J| (dgdndc). 


The integral is evaluated numerically by substituting for it a sum over 
a number of Gauss integration points: 


m n 


/ w fdV = E E E f(s.* , 4 1 . 
v 1=1 j=l k=l 1 J ^ K 


(3.3-2) 


Here m, n, p are the numbers of integration points in the n, c 
directions, respectively (total number of points = mxnxp), and W ijk is 
a weighting factor for each point which includes the value of the 
Jacobian determinant. The Gauss integration scheme is used because it 
provides higher accuracy for a given number of points than some other 
methods, through an optimum selection of the point locations. (The use 
of m Gauss points allows the exact integration of a polynomial of degree 
2m-l.) The BOPACE program provides, as a default, the automatic selec- 
tion of the nunber of Integration points In each coordinate direction, 
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so as to exactly integrate the stiffness matrix. (This stiffness 
integration is generally exact only if all element edges are straight 
lines and the H-matrix is constant over the element). However, it has 
been found that accuracy and convergence are often improved if fewer 
integration points are used, especially for plasticity analysis. (A 
2x2x2 point rule is often useful for BRICK elements). BOPACE 
allows the user to select, if he wishes, the number of Gauss points in 
each direction. 
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4.0 COORDINATE SYSTEMS 


BOP ACE coordinate systems are used to locate nodes and element reference 
points, to define the quantities (e.g., forces, displacements, stresses 
and strains) associated with these nodes and points, and to help define 
other program input such as distributed load directions and inertia related 
vectors . 

The definition and use of the element parent coordinate systems have been 
discussed in Section 3. BOPACE uses several other coordinate systems, each 
of which Is associated with an integer Identification number: 

0 tangent 

1 basic Cartesian 

2 basic cylindrical 

3 basic spherical 
>3 special Cartesian 

Each of these systems Is described in the remainder of this section. 

Tangent Systems - Tangent system coordinates x-y-z are element associated 
Cartesian systems, and are used to define reference-point quantities and 
distributed load directions, for various points within or on the surface 
of the element. The x axis is taken tangent to a parent coordinate g axis 
at the point; the y axis is taken normal to x and tangent to the parent g-n 
plane, such that y has a positive component in the n direction; and z is 
defined such that x-y-z is a right hand system. The g-n coordinates used 


4-1 



to define the tangent system correspond to the parent element, or In some 
cases to a local parent region such as a particular face or edge of the 
element. 

In case the parent system is defined for a 1-dimensional region (e.g., a 
rod type element, or edge of a membrane or solid type element), the n 
direction is undefined. The ambiguity for direction y is then overcome 
by taking y normal to x and in the basic XY plane, such that z has a com- 
ponent in the positive Z direction. In the special case where x is parallel 
with Z (i.e., x has no component in the XY plane), y is simply taken in the 
Y direction. 

Basic Systems - The three basic right hand coordinate systems are shown in 
Figure 4.0-1. They are general purpose systems used for locating points 
and defining directions. The Cartesian system X-Y-Z provides the basic 
reference frame for the entire structure. The local coordinate directions 
for other systems are defined in terms of X-Y-Z using the usual direction 
Cosine transformations. Much of the internal program storage and compula- 
tion is in terms of the basic Cartesian system. The cylindrical system 
R-0-Z has its origin and Z axis coincident with those of the basic Cartesian 
system, while R is in the X-Y plane, and 0 is measured from X to R. The 
spherical system R-©-4> Is the same as the basic cylindrical system, except 
that the Z coordinate is replaced by (4> is in the R-Z plane, and is 
measured from the X-Y plane to R). 
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Special Cartesian Systems - These are additional user input coordinate systems, 
for defining directions of nodal or reference-point quantities. They are 
not associated with any particular origin, and therefore, can not be used 
for location of points. 


T 





Figure 4.0-1: Basic Coordinate Systems 
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5,0 LOADS 

The BOPACE load options consist of five types: 

1) Concentrated mechanical loads 

2) Distributed mechanical Toads 

3) Thermal loads 

4) Normal strain or stress Toads 

5) Inertia Toads. 

Each of the first four loading types is defined by one or more load sets, 
which can be combined by means of- their respective load factors. The 
inertia loads are computed from specified concentrated and distributed 
mass data, along with quantities which define the acceleration behavior 
of the structure. 

The BOPACE forces defined by concentrated mechanical loads are fixed in 
direction (non follower-force type). The BOPACE distributed mechanical 
loads and inertia loads, however, may be of the follower-force type. For 
geometrically nonlinear problems, the direction and line of action of these 
loads is updated at the beginning of each increment, based on the current 
displaced configuration. This means that if geometric nonlinearity has 
been specified, all inertia loads and those distributed mechanical loads 
which are referenced to tangent coordinate systems, will contain follower- 
force effects, (Distributed mechanical loads referenced to other coordinate 
systems, are fixed in direction because the coordinate systems are fixed). 

A Vi loads represent cumulative values, so that the change in load for a 
particular increment of a problem is the difference between the specified 
cumulative start and end of increment loads. 
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5.1 CONCENTRATED MECHANICAL LOADS 

A concentrated mechanical load set Is defined by the zero or non-zero 
externally applied load value for each independent freedom in the structure. 
A particular load value will either be a force, or, if the freedom has been 
constrained via a single-point constraint (SPC) it will be an imposed dis- 
placement. If a load value is specified for a dependent freedom constrained 
via a multi -point constraint (MPC), the value must be a force. The program 
then automatically distributes this force to the independent MPC freedoms, 
according to the defined MPC coefficients. 

A nodal force is by definition the rate of change of external or internal 
virtual work, with respect to a virtual displacement of its associated 
nodal freedom. The equivalent concentrated nodal force corresponding to a 
general loading condition depends on the loading distribution, as well as 
the element geometry and shape functions. The relationship may be quite 
simple as on a rectangular face of an 8-node brick (each corner receives 
one fourth of the total load), or It may be complicated and physically 
meaningless, as on the same type of face with midside nodes (the correct 
corner force values are actually negative). In the more complicated cases 
it is best to define the distributed loading, and let the program compute 
the equivalent concentrated values using the distributed or inertia loading 
routines. 

5.2 DISTRIBUTED MECHANICAL LOADS 

A distributed mechanical load set is defined by the values of load intensity 
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distributed on the edges and faces of the various elements in the structure. 
Associated with this set of values is a corresponding set of program computed 


equivalent concentrated nodal loads. BOPACE provides a very general capabil- 
ity to specify loads of the pressure (normal to surface) type and drag 
(tangent to surface) type using tangent coordinate systems, as well as load 
intensity components in directions defined by any other coordinate system. 


For loads of the normal and tangent type, local region tangent coordinate 
systems are required. These are formed using the local region parent (f'-n-t) 
coordinates as discussed in Section 4. Figure 5.2-1 serves to help define 
the local parent systems for the edges and faces of the various types of 
BOPACE elements. There the elements are shown, with their corner nodes 
numbered according to the scheme used for BOPACE element input data. The 
edge and face regions for each element are also listed along with their 
associated corner nodes. The corner node ordering for each region defines 
the parent coordinate system for that region. For example, edge region 3 
of the QUAD element has its local £ axis in the direction from node 3 to 
node 4. Face region 2 of the BRICK element has its local £ axis along the 
edge nodes 6-5, n axis in the direction 5-8, and ^ axis defined by the right 
hand rule. Note that for each face region of the BRICK element, the positive 
normal (t direction) is outward. 

One or more components of distributed load intensity may be specified at 
each desired location. To specify a uniform load intensity, only one loca- 
tion (i.e., the edge or face number) is given, along with the component values. 
For linear variation of load intensity, the corner node values are specified. 
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Figure 5.2-1: Local Region Node Orders For Distributed Loads 





THE 


COMPANY 


1 


{For a quadrilateral area region, the specification of values at four points 
means that the variation is linear along the edges, but possibly of higher 
order in the interior.) For a general variation of load intensity, values 
are specified for the corner nodes and the interior edge nodes of the region. 
In any case, the user need not be concerned with any particular ordering of 
the input nodal values, because the program uses the randomly specified node 
identification numbers to identify the appropriate edge or face and to 
define if necessary the corresponding local parent coordinate system. For 
uniform or linear load variation, the program computes any unspecified nodal 
intensities by proper interpolation from the element shape functions. 


The equivalent concentrated nodal loads are computed by an integral involving 
the region shape functions and the distributed load intensities. An area 
loading, for example, uses the area integral 


A N i d dA = 


A N i d j N j dA 


( 5 . 2 - 1 ) 


where P. is the equivalent concentrated load in a particular coordinate 
direction at the ith node of the region, d is the load intensity in this 
direction, d. is the load intensity at the jth node, and N are the shape 

J 

functions for the region. Coordinate transformations are applied in the 
integral as required. The integration is carried out numerically using 
Gauss product formulas, with the number of Gauss points in each coordinate 
direction selected so as to give an accurate result. The number of points 
used depends on the maximum number of nodes in that direction as well as the 
order of variation of Toad intensity, and the resulting integration is 
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exact If all edges of the region are straight lines. For edge regions the 
number of Gauss points used in a given direction is (n+m)/2, and for area 
regions It Is (n+m)/2 + 1 , where n is the maximum number of nodes in that 
direction and m is the order of distributed load variation (1 * uniform, 

2 = linear, etc.}. 

5.3 THERMAL LOADS 

A thermal load set is defined by the value of temperature at each node in 
the structure. The required temperatures at element reference points are 
computed from nodal temperatures by 

T = T. N i (5.3-1) 

where T^ Is the 1th nodal temperature, and is the shape function for node 
i evaluated at the reference point. Reference-point temperatures at the 
beginning of the problem are set by the fabrication temperature of each 
element. 

The BOPACE treatment of element fabrication temperatures and nodal thermal 
loads can be employed to account for the effects of initial residual stresses, 
manufacturing tolerance errors, shrink-fit assemblies, and other initial -strain 
situations. The basic program assumption is that at fabrication time, all 
elements are at their specified respective fabrication temperatures, and 
they, fit together into a stress-free configuration defined by their given 
nodal coordinates. Also, for all purposes of computation and output, 
thermal strains are taken as zero at the fabrication temperature. (If the 
material data defines a non-zero thermal strain value at the fabrication 
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temperature, all thermal strains computed for the element are adjusted by 
substracting out that value.) 

As an example, take the case of a fastener and drilled plate, manufactured 
from the same material and intended for a shrink-fit assembly. Assume that 
thermal strain data have been defined for the material such that the thermal 
strains are 0 and .002 at respective temperatures of 100 and 400. The BOPACE 
temperatures for the elements of the fastener and plate have been defined at 
fabrication as TOO and 400, respectively , and at that time the diameters 
of both fastener and plate hole are 1,0. The assembly then fits together 
with no gap, and the fastener/plate interface may be defined by a single 
set of nodes (or if desired, by pairs of coincident fastener/plate nodes 
which are fixed together via MPC constraints). A nodal thermal loading is 
then applied in one or more increments, which brings the entire assembly to 
a uniform temperature of TOO. The result is no thermal strains in the 
fastener, but thermal strains of -.002 throughout the plate. The B0PACE 
elastlc-plastic-creep analysis provides the accompanying distribution of 
other strains and stresses within the fastener and plate elements. 

5.4 NORMAL STRAIN/STRESS LOADS 

A normal strain/stress load set is defined by the zero or non-zero value 
for each free normal direction of the elements in the structure. Free 
directions are those for which the strain is not determined by nodal dis- 
placements, i.e., the surface normal for membrane type elements and the 
two centerline normals for rod type elements, as defined by the element 
parent coordinate systems. In order to provide the most general type of 
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element behavior, BOPACE allows the user to control these otherwise un- 
determined strains or- stresses by means o-f the normal strasn/streSs loads. 
Whether strain or stress values are specified is determined by element 
property codes. 

5.5 INERTIA LOADS 

BOPACE provides three sources of acceleration for automatic calculation of 
inertia loads. Each source applies uniformly to the entire structure, and 
is defined by a spacial vector, whose magnitude Is given by the LFACTOR card 
and whose direction is defined by the TRANSLATE or ROTATE cards. These 
vectors are: 

1) translational acceleration, a 

2) rotational velocity, a> 

3) rotational acceleration, a. 

Based on these user supplied data, BOPACE first computes the total accelera- 
tion components (x-y~z) at each node as 

*♦ 

q - a + tux ( idxR ) + axR (5,5-1) 

where R is a vector from the rotational axis to the node. 

For a BOPACE isoparametric element, a nodal acceleration in, say, the x 

direction, causes only v direction accelerations of points within the 

element. This results in an uncoupling of the x-y-z inertia effects, so 

that each load component can be computed separately. For the x direction, 

** •* •* 
therefore, a vector Q is formed from the q vectors, such that Q.. is the x 

direct-ion acceleration at node i. The vector P, of x direction inertia 

loads is then computed using Q and the concentrated and distributed masses: 
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P 


1 


-m - zL N 1 p Nj dV ^ 


( 5 . 5 - 2 ) 


Here m Is the value of concentrated mass at node i, p is the distributed 
mass density of an element, N. is the shape function for the ith node of 
an element, and the summation is taken over the volumes of all elements. 

The y and 7 components of inertia loads are computed similarly. The volume 
integrals are evaluated by the same Gauss product formulas used to compute 
the element stiffness matrices. 
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6.0 NONLINEAR SOLUTION METHOD 

6.1 BASIC SOLUTION REQUIREMENTS 

The exact el asto-plasti c-creep analysis of a structure requires the satisfac- 
tion, at all points in the structure, of three requirements: 

T) Equilibrium of stresses 

2) Compatibility of strains 

3) Satisfaction of constitutive theory, which is summarized by the 
appropriate stress-strain rate relation. 

The following paragraphs summarize the BOPACE solution approach as it relates 
to satisfying these three requirements. 

Stress-Strain Relation - The stress-strain rate relation is cast into an 
incremental form, as defined by the material constitutive theory of Section 
2. The assumed stress-strain relation is satisfied exactly in the BOPACE 
solution procedure, provided that the increment is sufficiently small so that 
incremental quantities can be treated in a differential manner, and that the 
iteration procedure is sufficient to produce convergence. 

Compatibility - Compatibility is satisfied exactly within each Isoparametric 
element as a result of the finite-element derivation. In the global sense, 
l.e., over the entire structure, compatibility is also satisfied exactly, by 
merging the element degrees of freedom into global degrees of freedom and 
thereby establishing the equality of displacements at appropriate adjacent 
nodes . 
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E quilibrium - Equilibrium In general Is satisfied only approximately within 
an Isoparametric element, because of its variable stress state. Stresses are 
also not necessarily in equilibrium between adjacent elements, although all 
stress equilibrium Is satisfied In the limit as the finite-element mesh is 
refined. For any mesh representation of the structure, global equilibrium is 
satisfied in BOPACE in an average sense, because equilibrium is established 
between the generalized nodal forces defined according to the usual finite- 
element procedure. 

6.2 COMPARISON OF COMMON SOLUTION METHODS 

The coimion stiffness methods used for solution of elasto-plastic problems 
can be classified by three general types: 

1) The pure "tangent stiffness" method 

2) The "constant-stiffness residual -load" method 

3) "Combined" methods. 

Tangent-Stiffness Method - The pure tangent-stiffness method obtains the 
solution for each load increment by a single solution of the incremental 
equilibrium equation: 


AP i = KO*^ aQj (6.2-1) 

in which aP and aQ are the global incremental forces and displacements, 
respectively , and KO* is the Jacobian (tangent-stiffness) matrix. This is 
the type of solution used in NASTRAN's "piecewise linear analysis," for 
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example. There is no equilibrium check, and no iteration is performed to 
improve the incremental solution. The matrix KQ* is determined by evaluation 
or extrapolation at previous solution points. Secause in an actual structure 
the stress-strain slopes, creep rates, direction of the incremental plastic 
and creep strain vectors, etc., will generally vary within an increment, the 
pure tangent-stiffness approach can result in a substantial departure from 
the true force-displacement path unless load increments are kept quite small. 

Constant-Stiffness Residual -Load Method - This solution method [10] employs 
an iterative procedure. In each iteration the residual (unbalanced) forces 
are computed based on the current estimate for the incremental configuration, 
and are then applied to the constant elastic stiffness matrix in order to 
solve for displacement corrections. The approach is computationally efficient 
because it requires the formation and decomposition of only a single stiff- 
ness matrix, but it is not directly applicable to highly nonlinear structures 
because of convergence difficulties. 

Combined Methods - Various combined methods have been employed for solution 
of elasto-p'lastic problems, for example that described in Reference 18. These 
involve the use of an equilibrium check through the calculation of unbalanced 
forces, as well as various procedures for updating the approximate Jacobian 
matrix. 

BOPACE Approach - BOPACE provides several options for nonlinear solution, 
based on user specification of the Jacobian updates and the iteration 
sequence. The most general option uses a combined approach for solution, with 
the iterative procedure consisting of two stages: 
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1) Improvement of the solution configuration by using the Jacobian 
matrix to reduce the residual nodal forces, 

2) Calculation of residual forces based on the estimated configura- 
tion and "exact" constitutive theory. 

Several user controlled options are available in BOPACE for defining and 
updating the Jacobian matrix. 

6.3 CALCULATION OF RESIDUAL FORCES 

It is assumed for the present discussion that the exact solution configura- 
tion is known at the start of a particular load increment. (Actually the 
BOPACE program takes any unbalanced forces which might remain from the 
previous increment and adds them to the present load Increment, in order to 
achieve greater accuracy.) For a given Iteration within the present incre- 
ment, i.e., for a given estimate of the solution, it is necessary 
to compute the corresponding unbalanced forces. This section summarizes the 
steps involved in computing these forces, including determination of strains, 
stresses, and forces. A flowchart for these calculations is given in Figure 
6.3-1. 

Strains - For the given estimate of end-of-increment global nodal displace- 
ments, Q, the corresponding element nodal displacements, q, are obtained by 
coordinate transformations at the nodes, involving appropriate direction 
Cosines. For the BOPACE program, all element displacements are referred to 
the basic X-Y-Z Cartesian coordinate system. Strains, e are then computed 
at each reference point by using the relations 3.1-9 and 3.2-1: 
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Figure 6.3-1: BOP ACE Residual-Force Calculations 
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e i = fl0 (j e j + i A 1 ijk 6 j 6 k (6 - 3 - 1) 

The end-of-increment strain e is the total (physical) strain at the point: 

E.. = E® + ev + + e* (6.3-2) 

4 * 

The thermal strains, e , are determined as described in Section 2.2, and 
are measured relative to the assumed 2 ero strain condition at fabrication 
time. Subtracting these strains from the total strain, gives: 


e+p+c _ e . p , p _ t /c o i\ 

e-I - S| + ft + = Ei - e. (6.3-3) 

The corresponding incremental strain Ae e+ P +C is determined as the difference 
from stert-of-increment to estimated end-of-increment strain. 


Stresses - Elastic strains are then determined using the elasto-plastic- 
creep algorithm presented in Section 2.6. With the elastic strains known 
at the end of the increment, the stresses are computed: 

= P*J ef (6.3-4) 

sl 

where e are the known cumulative elastic strains at the end of the incre- 
ment. The stress-strain calculation may need to be modified, depending on 
which of three conditions exists at the particular integration point: 


Condition I Point is elastic at end of load increment, i.e., 
either the point remains elastic or unloading 
occurs. Compute stress and elastic strains. 

PI as tic strains are zero . 
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Condition II Point is plastic throughout load increment. Com- 
pute stresses, elastic and plastic strains by 
algorithm of Section 2.6. 

Condition III Point is initially elastic, but becomes plastic 
at some point during the load increment. Find 
intermediate time at which yielding occurs (this 
requires solving a simple quadratic equation). 
Compute stresses and elastic strains up to that 
time. Compute stresses and strains beyond yield- 
ing as for Condition II. 


The condition at the beginning of the increment is known for each point. 

The condition at the end of the increment is assumed, for the first ij 

iteration, to be Condition I. The end condition is re-evaluated during 
each iteration, using either the material yield value or the plastic- 

\ 

strain vector. For an elastic point, it is determined whether or not the | 

i! 

currant material yield has been exceeded. For a plastic point, the plastic | 

strain vector (normal to the yield surface) is observed; an outward vector f 

jf 

U>0) implies a plastic condition, while an inward vector (x<Q) implies j; 

elastic unloading. j 


Element Nodal' Forces - The force-stress relation for the BQPACE element is 


defined by Equations 3.2-5 and 3.2-6: 


Pi = 


V B ai a a dV 


(6.3-5) 


where V is the element volume, B is the strain-displacement matrix, and p^ 
are the element nodal forces. 
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Global Nodal Unbalanced Forces - Global forces, P, are obtained from the 
element forces, p, by adding nodal contributions from all elements 

and applying coordinate transformations. The global unbalanced forces, 6P, 
are then determined by subtracting these computed (internal) forces from the 
applied (external) Toads: 

5P i = Load i - P. (6.3-6) 

The loads are defined as the sum of applied concentrated and distributed 
mechanical and inertia loads. 

6.4 IMPROVING THE SOLUTION 

The basic global relation for incremental forces and displacements corresponds 
to the element relation 3.2-7: 

AP i - K0*^ aQ., (6.4-1) 

where the incremental global displacements aQ are the total physical dis- 
placements (Including thermal, elastic, plastic and creep effects). KO is 
the elasto-plastic tangent-stiffness (Jacobian) matrix for the increment. 

In order to improve a given displacement configuration, the displacement 
corrections sQ corresponding to unbalanced forces sP, are obtained in BOPAGE 
by solving a set of linear equations of the form 

6P i = 6 $. (6.4-2) 

The matrix is also a Jacobian (tangent-stiffness) matrix, or some approx^ 
imation to the Jacobian, but is used for displacement corrections rather than 
a one-step solution for the displacements of the entire increment. The 
purpose of this section is to discuss the procedure for relating Equations 
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6.4-1 and 6.4-2, and describe BOPACE options for updating the Jacobian. 

Procedure - In the iterative BOPACE approach, the only global solution 
employed is the displacement -correction relation 6.4-2. The best approx- 
imation for the Jacobian, for iterative purposes, is 

K J = KO 1 = K el + K p1 (6.4-3) 

*1 

where KO is evaluated at the end of the current load increment using Equa- 
tion 3.2-9, and K e ^ and K pl are its elastic and plastic contributions, 
respectively. The effects of change in elastic properties as well as the 
effects of thermal and creep strains, are computed at the integration-point 
level by the algorithm of Section 2.6, and accounted for by the unbalanced 
forces. Thus Equation 6.4-1 is satisfied in an iterative fashion. 

Updating the Jacobian - In order to account for possible large-scale elastic 
unloading of the structure under cyclic load conditions, one or more initial 
iterations are performed for each load increment using only the elastic 
portion, K e ^ , of the K J matrix. Succeeding iterations use the total K^ matrix. 

Initially the K*^ matrix is taken to be the usual elastic stiffness matrix for 
the structure, with elastic properties evaluated at the fabrication tempera- 
ture. Whenever convergence is not achieved within a specified number of 
iterations, the Jacobian matrix is updated, BOPACE allows four options for 
updating the matrix K J and/or its component matrix K el (all matrix updates 
are based on current temperature and geometry): 

el 

1) Use only initial elastic matrix K with no updating. This 
option corresponds to the constant-stiffness residual -load 
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method, and is most effective for problems with small plastic 
strains and elastic properties which do not vary much with 
temperature. 

2) Update only K e ^ . This option is best for problems with small 
plastic strains and elastic properties which vary considerably 
with temperature. 

3) Update total matrix, but not elastic matrix K el . This 
option may be used for problems with large plastic strains 
and elastic properties which vary somewhat with temperature. 

*1 1 

4) Update both K J and K e matrices. This is the most effective 
option for problems with large plastic strains and elastic 
properties which vary considerably with temperature. 


6.5 SUMMARY OF BOPACE SOLUTION METHOD 


An outline of the BOPACE solution method is given in the flowchart of Figure 
6.5-1. In step 1, the Jacobian is initialized to the elastic stiffness 
matrix, based on elastic properties at the fabrication time. 

At the start of each Toad increment (step 2) the residual forces <$P are set 
equal to the increment of applied loads. Also, if any residual forces ramain 
from the previous load increment, these are added to <sP. The estimate for 
displacements, Q, is defined by displacements at the end of the previous 
increment. 


The iteration loop involves successive improvement of the solution, by solv- 
ing for displacement corrections using the unbalanced forces and the Jacobian, 
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and then recomputing the unbalanced forces corresponding to the new displace- 
ment configuration. The displacement corrections 5Q are determined in step 
3, and in step 4 the improved configuration Q is updated by addition of <$Q. 
Although convergence of this iterative process is usually quite good, BOPACE 
has a feature for modifying the process if convergence is not occurring. 

This involves using only a specified fraction of the computed correction, e. 
g. , Q + Q + 0.5 sQ. This would increase the numerical stability but could 
tend to slow down convergence. 

In step 5 the strain-displacement relations are used to compute the total 
strains e from displacements Q. In step 6 the thermal strains are sub- 
contracted from total strains to give the elastic+plastic+creep strains 
required for the calculation of stresses. Step 7 involves the major 1 eera- 
tion algorithm, in which the strain is separated into elastic, plastic and 
creep components. Stresses are determined accorording to the algorithm of 
Section 2.6, and the corresponding unbalanced forces are computed. 

If the maximum allowable iterations have been exceeded, step 8 is used to 
update the Jacobian matrices according to the specified updating option. The 
Jacobian update is based on the current estimates of the yield surface and 
flow parameters for each integration point at the end of the present incre- 
ment. Iteration is stopped when a residual error norm (determined by a ratio 
of residual forces to applied forces) is sufficiently small. 


THE 


COMPANY 


7.0 LINEAR EQUATION SOLUTION 

The stiffness equations relating force and displacement rates are solved in 
BOPACE using a modified Gauss wavefront solution procedure [19,20]. For large 
problems it uses an out-of-core method, which basically requires that core 
storage be available for only one nodal row of the stiffness matrix at a 
time. Special features include the use of a spars e-matrix blocked-partition 
scheme, a fast merging procedure based on a binary tree algorithm, and a 
method of core space allocation which eliminates searching for partitions 
during the matrix decomposition process. 

The basic stages required for solution of general stiffness equations are: 

1) Generation of the stiffness partitions for each element. 

2) Merging these partitions together to form the stiffness matrix for 
the entire system. 

3) Decomposition of the stiffness matrix into factored form. 

4) A forward/backward substitution process to solve for unknown forces 
and displacements. 

In the true wavefront procedure the generation, merging and decomposition 
phases are combined, and the system stiffness matrix is never formed as 
such. To achieve an efficient solution the elements must be numbered in an 
optimum order while the nodes may be randomly ordered. In the BOPACE modi- 
fied wavefront procedure the four phases are accomplished individually, and 
the entire stiffness matrix is formed and made available. To achieve an 
efficient solution, the nodes must be numbered in an optimum order while 
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the elements may be randomly ordered. It is interesting to note that from 
an ordering standpoint this modified procedure may be regarded as a true 
wavefront procedure, if each stiffness partition (i.e. single-node to single- 
node connection) is considered as being an individual element. The BOPACE 
procedure provides a simple method for incorporating multi-point constraint 
effects, by transferring dependent partition contributions during the genera- 
tion phase. 

7.1 GENERATION 

The generation stage consists of forming the stiffness partitions for each 
finite element, accounting for the MPC relations, and writing the partitions 
onto the generation file. Only the partitions in the upper symmetric half 
of the element stiffness matrix are formed. Each partition is assigned a 
packed code defining its row/column position in the system stiffness matrix, 
and the partition is transposed if necessary (row/ column codes correspond to 
the upper symmetric half of the system matrix). Each code is unique within 
a particular element matrix, i.e., additional contributions to a partition 
arising from MPC equations are all added together and grouped with their 
corresponding code. SPC relations have no effect on the generation. At the 
end of this stage all partitions have been written with their row/column 
codes, in more or less random order, onto the generation file. Generation 
time for an element is approximately proportional to the square of the number 
of element freedoms, times the number of element integration points. Gen- 
eration time can be significantly increased by the presence of MPC relations. 

7.2 MERGING 

The merging stage consists of reading the partitions from the generation 
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file, ordering them according to increasing row/column code value (adding to- 
gether all partitions having the same code), and writing them onto the merge 
file by rows using a blocked partition form. If no partitions exist for a 
particular row, a zero diagonal partition is inserted at this time. Core is 
divided into three areas - a large sorting area, and two smaller input/output 
areas which serve alternately to store either previously ordered partitions 
or the partitions currently being ordered. If core is limited then use is 
made of two scratch files as backup for the two smaller core areas. The 
merge process is accomplished using the following steps. 

1) Read as many partitions as space allows, from the generation file into 
the next (sequential) available locations of the sorting area. As 

each partition is read, form its binary-tree pointer (left or right link) 
to allow its later ordered retrieval by row/ column code. 

2) Retrieve partitions from sorting area in increasing code order, by 
traversing binary tree (see Flow Chart in Figure 7.2-1). As these 
partitions are retrieved, merge them with all previously ordered par- 
titions being read into the input area, and place them into the out- 
put area. (When input or output area is filled, perform a read or 
write to the corresponding scratch area). 

3) When sorting area is emptied, prepare to refill it from the generation 
file and switch input/output areas or corresponding scratch files. 

4) Repeat steps 1-3 until all partitions from the generation file have 
been read and ordered. 

5) Transfer ordered partitions from output area or scratch file to 
final merge file, writing them by rows. 


THE 


COMPANY 


The merge file contains two records for each nodal row of the stiffness 
matrix. The first record is a single word whose value is the number of 
equivalent single-precision words in the second record, and the second record 
contains all partitions for the row in blocked form. Each block contains 
the number of partitions in the block, the row/ column code of the first parti 
tion, and then the partitions stored by columns. A new block is started 
whenever the next partition is not sequential, i.e., its row/column code is 
greater than one plus the code of the previous partition. 

7.3 DECOMPOSITION AND SOLUTION 

The decomposition stage accomplishes the factoring of cite stiffness matrix, 
and the solution stage uses a forward and backward substitution to solve for 
the unknown components of force and displacement. The stiffness equations 

Wr'i ,7 - 3 - 1) 

generally involve a combination of prescribed forces and prescribed dis- 
placements. The equations are solved in BOPACE using the modified Gauss 
wavefront approach. Here the theoretical solution steps are first shown 
for a system involving only prescribed forces, and then the modifications 
are shown for a general mixed problem. Finally, the computer implementation 
of these steps is discussed. 

Solution With Prescribed Forces - The decomposed form of Equation 7.3-1 
is taken as 

U T D" 1 U Q = P (7.3-2) 

where U is an upper triangular matrix, and D is a diagonal matrix whose 
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elements are equal to the diagonals of U. The decomposition and solution 

■A 

procedure consists of the following three steps. 


1) Decomposition: The elements of K are 


i-1 

K ii * E 

tj k=1 


u ki B ki u kd + u ii D T>la 


Since D^. = , the elements of U are obtained 

successively by row, as 


i-1 


■1, 


U ij = D kk U ki U kj 


(7.3-3a) 


(7.3-3b) 


2) Forward substitution: Let Y = D ^UQ. Then 


i-1 

P. = i U. .Y. + U. .Y. 
i k _-| ki k n l 


(7.3-4a) 


gi vi ng 


Y i - D i'< p i - 2 “mV 


(7.3-4b) 


3) Backward substitution: 


XI, 


XI, 


giving 


Y. - e D. U.. Q, + D. U. .Q 4 
i k _^ +1 n irk n rri 


■ v i - D « k 4 + i 


(7.3-5a) 


(7.3-5b) 
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Solution of Mixed Problem - For the general case where there is a combination 
of prescribed forces and displacements, the three steps given above must be 
modified. The procedure is tc-scri bed here for the case in which a single 
(rth) displacement is proscribed, but additional prescribed displacements 
would be treated in the same manner. The modified form of the decomposition 
(7.3-2) is 



where ( ) denotes a prescribed quantity. The first and last rows, denoted 

by 1 and n, respectively, involve prescribed forces. The elements of U are 
given by Equation 7.3-3b, except that no contribution from U^ n is distri- 
buted to the elements of U . Detailed steps for decomposition, and forward 

nn 

and backward substitution, are given below. 

1) Decomposition. 

First rows: Compute each row of U according to. Equation 7 - 3— 3b 

and distribute the contributions to later rows. 

rth row: Compute the rth row of U according to (7.3-3b) but 

do not distribute to later rows. 

Last rows: Again compute U according to (7.3-3b) and distri- 

bute to later rows. 

2) Forward substitution. 

First rows: Compute Y-j = b^P-j using Equation 7.3-4b and 
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distribute to later elements of Y. This produces the vector 


(Y r <Y T , -U^Y,) 1 (7.3-7) 

rth row: The rth row of (7.3-6) can be expanded and rearranged 

to give the relation 


[u rr . u rn ] 


= {P rir¥ 


(7.3-8) 


The quantity uj^ is available from the Y vector (7.3-7) and is 
placed in the force vector P . This quantity in the Y vector is 
then replaced by Q r , and contributions are distributed to later 
elements of Y as in Equation 7.3~4b. 

Last rows: Continue forward substitution by Equation 7.3-4b to 
obtai n 


Y " ( P n " U InQv< “ ul_ Y 1 ) 

n nr n rn r in l 

3) Backward Substitution 

Last rows: From Equation 7.3-5b 

Q = If 1 D Y 
^n nn nn n 

rth row: By Equation 7.3-8 the final contribution 

(U <L + LL (D) is added to the existing contribution 
> rr . r rn n 

u{ r Y-| , to gi ve the total 

P = (ul Y, + U Q + U 0 ) 
r ' Ir 1 rr y r’ rn y n' 


(7.3-9) 


(7.3-10) 


(7.3-11) 
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First rows: Continuing backward substitution by Equation 7.3-5b gives 

Q, - U-] D„ (V, - U 1r Q r - U ln Q n ) 

Implementation - The B0PACE decomposition and solution algorithms operate 
in a blocked-partitition mode, corresponding to the form of the merged stiff- 
ness and decomposition matrices. By means of this procedure, the indexing 
and storage operations can be applied in general to many partitions at a 
time, thus increasing program efficiency. 

For decomposition, the core is divided into three areas. The first area is 
large enough to store the maximum size nodal row of the stiffness or decom- 
position matrix. The last two areas are each equal to one-half of the re- 
maining core, and are input/output areas which serve alternately to store 
either previous decomposition contributions or the updated contributions 
including effects from the current row. If core is limited, then use is 
made of two scratch files as backup for the last two core areas. 

A dummy decomposition is first performed to determine the maximum wavefront 
(active decomposition nodes) for the structure. The decomposition process 
is then accomplished using the following steps (dependent MPC freedoms are 
treated during decomposition like specified displacements). 

T) Read current nodal row of the stiffness matrix from merge file, into 
end of the row storage area. Add previous decomposition contributions 
for this row from the input core area, and store resulting completed 
row of decomposition at start of the row storage area. 
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2) Decompose the just completed row (i.e., compute its contributions 

to later rows), merge these contributions with previous contributions 
from the input area, and store results in the output area. (When input 
or output area is filled, perform a read or write to the corresponding 
scratch area.) 

3) Switch input/output areas or corresponding scratch files. 

4) Output current row onto decomposition file in blocked partition 
form (same row format as for merge file). 

5) Repeat steps 1-4 for each nodal row of matrix. 

The above procedure makes it unnecessary to search for any partition or to 
store a vector for partition addressing, because the next partition needed 
for calculation is always the next one available in the core storage area. 

For solution, enough core is needed to store the maximum size nodal row of 
the decomposition matrix. The forward substitution involves reading the 
decomposition matrix one row at a time, while the backward substitution 
involves a similar reading of the nodal rows in reverse order. Before the 
solution procedure begins, the MPC coefficients are used to take prescribed 
forces at the dependent freedoms and distribute them to the Independent 
freedoms. During the solution procedure, dependent MPC freedoms are 
ignored. After the solution procedure is completed the MPC coefficients 
are again used to calculate the dependent displacements in terms of the 
Independent di spl acements . 
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8.0 SUBSTRUCTURING 


Substructuring concepts are used in order to decrease computer run times or 
core storage requirements, or for the convenience of being able to model 
and solve several parts of a structure largely independently of each other. 
Substructuring procedures can be classified generally according to three 
types of applications: 

1) Parameter type studies, where a small part of the structure is modi- 
fied one or more times. The results of each modification can be 
determined without a new formation and decomposition of the entire 
stiffness matrix. 

2) Nonlinear problems, where the material or geometric nonlinearity 
effects are largely concentrated in a particular region of the struc- 
ture. The incremental iterative solution process can often be 
accomplished by updating only the portion of the stiffness matrix 
corresponding to this region. 

3) Large problems which can be divided into several distinct regions, 
with the regions connected together at localized interfaces. Each 
region can be solved largely independently, by reducing out internal 
freedoms in each region in terms of the connecting boundaries. 

The third type of procedure is used largely for convenience, in order to 
design and analyze individual parts of a structure separately. It does not 
significantly change the required run time, as compared to that of a similarly 
efficient non-substructure procedure. It can, however, reduce the maximum 
wavefront storage (by perhaps as much as a factor of two) for some problems, 
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and core storage is also reduced somewhat by the need to store only part 
of the force and displacement vector values in core at any particular time. 

The BOPACE substructuring approach is directed toward the first and second 
types of applications. The structure is divided into two parts - a "constant" 
and a "variable" structure. The variable structure defines those parts of 
the structure which can be modified, and for which the stiffness matrix can 
be updated as BOPACE iterates to a solution. For each new variable structure 
the decomposition process is performed only for the nodal rows corresponding 
to that variable structure. The forward-backward substitution process, how- 
ever, is always performed for the entire structure. Although the entire 
force and displacement vectors must.be in core for solution, this approach 
has the advantage that the "constant" structure is permitted to have some 
nonlinear material or geometric effects, which are accounted for by itera- 
tion in the solution process. 

BOPACE defines three types of nodes - constant, boundary and variable, in 
that order. Boundary nodes are used along interfaces to attach the constant 
and variable structures together, or in the constant structure area where 
it is desired to change the SPC definitions from one variable structure case 
to the next. Constant elements are connected to constant or boundary nodes, 
and may not be redefined. Variable elements are connected to variable or 
boundary nodes, and may be redefined (or expanded or decreased in number). 

The simple substructure example shown in Figure 8.0-1 will be used to help 
illustrate the BOPACE procedure. In this example there are 28 nodes, with 
internal ordering as shown in (b). Nodes 1-17 are constant, nodes 18-26 are 
boundary, and nodes 27-28 are variable. Node 18 is made a boundary node in 



• CONSTANT NODE 
£ BOUNDARY NODE 
O VARIABLE NODE 

□ CONSTANT ELEMENT 

□ VARIABLE ELEMENT 


1 2 3 18 



(b) STRUCTURE WITH NODE 
INTERNAL NUMBERS 


(a) STRUCTURE WITH NODE I.D. NUMBERS 



(c| MERGED MASTER STIFFNESS MATRIX (d) DECOMPOSED MASTER STIFFNESS 

MATRIX 


Figure 8.0 * 1: BO PACE Substructuring Example 


cc 

CB 



BB 

BV 



VV 


NOTE: C = CONSTANT 
B = BOUNDARY 
V = VARIABLE 


Figure 8.0-2: General Stiffness Matrix Substructuring Sc'nematic 
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order to allow Its SPC definitions to be changed from one variable structure 
to the next, while nodes 19-26 are boundary nodes because they are used to 
connect constant elements with variable elements. The sparse form of the 
merged and decomposed stiffness matrices is apparent from (c) and (d). (It 
may be noted that in general a column of the decomposed matrix is full, be- 
low the row in which its first non-zero partition occurs in the merged matrix. 
In some cases, however, a null partition can occur in the decomposed column 
below this point). A schematic of a general substructure stiffness matrix 
is shown in Figure 8.0-2. There the letters C, B and V denote constant, 
boundary and variable, respectively. Thus for example, CB denotes partitions 
connecting constant to boundary nodes. 

The basic steps involved in a BOPACE substructure problem are given as 
follows : 

1) Merge constant portion (CC and CB) of stiffness matrix, and merge 
constant contributions to boundary (BB). 

2) Decompose constant stiffness (CC and CB), and distribute constant de- 
composition contributions to boundary (BB). 

3) Merge variable contributions to boundary (BB and BV), and merge 
variable stiffness (VV). 

4) Add boundary contributions (BB) from Step 2 to stiffnesses from Step 
3, to obtain total variable stiffness (BB, BV and VV). 

5) Complete decomposition of total variable stiffness from Step 4. 

6) Add total variable decomposition (BB, BV and VV) from Step 5, to 
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6) Continued 

constant decomposition {CC and CB) from Step 2 , to obtain total 
structure decomposition. 

7) Perform forward/backward substitution using total structure decom- 
position, to obtain solution for all forces and displacements in 
structure . 

8) Repeat Steps 3-7 for each new variable structure. 

Because of the additional substructure overhead costs which arise from the 
matrix addition and input/output file operations, BOPACE substructuring is 
not recommended if the variable structure is a large portion of the total 
structure, 

MPC relations require that rows and columns of the stiffness matrix corre- 
sponding to the dependent freedoms, be moved to locations corresponding to 
the independent freedoms. Because of the order in which the above matrix 
contributions are formed and stored, certain restrictions are placed on sub- 
structure MPC relations. The permissible forms of MPC equations for the 
constant and boundary freedoms can be written symbolically as 

C = f(C,B) (8.0-la) 

B = f (B) (8.0-lb) 

and for the variable freedoms as 

V = f(V,B) (8.0-1 c) 

s 

Equation 8.0-la means, for example, that dependent constant structure dis- 
placements may be defined as a function of both constant and boundary freedom 
displacements, via the constant structure MPC equations. 
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9.0 DEFINITIONS - THEORETICAL MANUAL 

This section defines symbols used in the BOPACE Theoretical Manual. 

* 

Variables : 

a Deviatoric stress center; Translational acceleration 

c Kinematic hardening slope 

d Distributed load intensity 

e Deviatoric strain 

f Function designation 

g Shape function derivatives matrix 

h Initial stress matrix 

m Concentrated mass 

p,q Local or element nodal forces, displacements 

r Isotropic hardening slope 

s Deviatoric (total - hydrostatic) stress 

x,y,z Cartesian coordinates 

u,v,w Displacements in x,y,z directions 

X,Y,Z Basic Cartesian Coordinates 

R, 0 ,Z Basic Cylindrical Coordinates 

R,e,$> Basic Spherical Coordinates 

U,V,W Displacements in X,Y,Z directions 

A Elasto-plastic hardening parameter; Strain tensor coefficient 

matrix 

B Strain-displacement matrix 

C Kinematic hardening matrix; Direction Cosines matrix 
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Variables : * 

C,B,V Constant, boundary, variable parts of substructure 
D Elasticity matrix 

E Young's modulus 

E' Basic yield surface normal vector 

F Yield surface function 

G Tensorial shear modulus; Shape function derivatives matrix 

H Intermediate stiffness calculation matrix 

I Identity matrix 

J Jacobian matrix 

K Stiffness matrix 

N Element shape function 

P,Q System nodal forces, displacements 

R Isotropic hardening matrix 

T Temperature 

V Volume 

Y Intermediate equation solution vector 

W Work; Integration point weighting factor 

a Stress center of yield surface; Rotational acceleration 

a) Rotational velocity 

B Strain center of yield surface 

y Thermal coefficient of expansion; Shear strain 

e Strain 

e Displacement derivatives 

k Cumulative plastic hardening parameter 
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Variables : 

c 

K 

k 

K 

X 

v 

a 


P 


Creep hardening parameter 
Kinematic hardening parameter 
Plastic proportionality constant 
Poisson's ratio 
Stress 

Mass density 

Parent element Cartesian coordinate system 


Subscripts : 

a.b.i.j.k.J.m.n.r 

General indices 


Superscripts : 

0 Start-of-increment quantity 

1 End-of-increment quantity 

o Known test value 

c Creep quantity 

e Elastic quantity 

p Plastic quantity 

t Thermal quantity 

Special Symbols : 

6 ( ) Residual {corrective) quantity; Virtual quantity 

&( ) Partial derivative 

| | Length of vector 
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Special Symbols : 

a( ) Incremental quantity 

C )■* Reference equilibrium quantity 

{ ) T Matrix transpose 

( ) _1 Matrix inverse 

{ )' Mixed coordinate system quantity 

( — ) Effective quantity; Tangent coordinate system quantity 

( ) Relative deviatoric quantity; Prescribed equation solution 

quantity 

(*) Rate quantity 

( ) Second order rate (acceleration) quantity 

z Summation 

tt Product Sum 

x Vector cross product 
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bopace input data 


10.1 GENERAL ORGANIZATION 

The schematic of the BOPACE data deck for a problem is shown in Figure 
10.0-1. A problem is defined in general by a constant structure combined 
with one or more variable structures, and with one or more load increments 
for each constant-variable structure combination. The BOPACE input data 
consist of four distinct groups: 

1) Overall problem control data (for each cold start or restart), 

2) Constant structure data (given for substructure problem), 

3) Variable structure data, and 

4) Increment data. 

The variable structure data and increment data may be redefined an unlimited 
number of times in any one problem. 

The overall problem control data begin with the TITLE card. Following this 
are parameters to define the basic problem type, and to control the solution 
method and iteration sequence. Also included are cards to control the effect 
of diagnostic conditions, to restart 'or checkpoint the problem, and to allow 
the user to select the nodal and reference-point results that are to be 
printed for his problem. 

The constant structure data begin with the CTITLE card. Material, coordinate 
system, node, boundary node, element, multi-point constraint and single-point 
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Figure 10.0-1: BOP ACE Problem Data Deck 
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a) CARTESIAN X-Y-Z 




Figure 10.0-2: Basic Coordinate Systems 



Figure 10.0-3. Isoparametric Element Example 



constraint definitions are included. The constant structure data define 
those parts of the structure for which the stiffness matrix is to be treated 
as constant during the solution of the problem. BOPACE does not require a 
problem to have a constant structure, and constant structure data is usually 
not given unless the problem involves substructuring. 

The variable structure data begin with the VTITLE card. Material, coordinate 
system, node, element, multi-point constraint and single-point constraint 
definitions are included. The variable structure data define those parts of 
the structure which can be modified, and for which the stiffness matrix can 
be updated as BOPACE iterates to a solution. A null variable structure is 
unusual but is allowed. (In this case, if a VTITLE card is not input, a null 
variable structure title is generated by the program.) If no constant struc- 
ture was defined, the variable structure is the entire structure. If both a 
constant and variable structure exist, they may be connected via the boundary 
nodes defined under CTITLE. Certain portions of variable structure informa- 
tion involving materials and coordinate systems, may have already been defined 
by constant structure data, in which case the data need not be repeated. 

i 

The increment data begin with the ITITLE card, and consist of cumulative load 
factors, control data, material and coordinate system data, and load set data. 
The cumulative load factors are used as multipliers for the load sets, in 
order to compute the various cumulative mechanical and thermal loads. (A 
load factor of zero means that a particular loading is not acting on the 
structure.) The control data given here will override, for tha particular 
increment only, any of the same data defined under TITLE. Material tables 
may be redefined in the increment data, and will permanently replace any 


corresponding existing data; the new material data is used immediately during 
the iteration process, and later when the next stiffness matrix update is 
performed. Coordinate systems may also be defined or redefined (redefinition 
produces a warning message). The load set data are used to modify or regener- 
ate the load sets for concentrated, distributed, thermal, normal strain/ 
stress, and inertia loads. (Any load set data not redefined remain 
unchanged.) 

Multiple problems may be run simply by stacking the problem decks consecu- 
tively, The last card required after the entireyiafa deck is the EOF card. 

10.2 CARD FORMAT 

All data cards input to BOPACE are in a free field format. The free field 
data rules are: 

1) Each data card must begin with a name tag, which identifies the data on 
the rest of the card. The name tag must start in column 1 , and consist 
of alphanumeric characters with no imbedded blanks. Only the first four 
characters in the name tag must be given correctly. 

2) A name tag of CONTI NUE indicates the data on the card has been continued 
from the previous card. There is no limit on the number of continuation 
cards . 

3) A name tag must be immediately followed by one or more blanks. The 
remainder of the card contains data items associated with the name tag, 
with each data item followed by a delimiter. 
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4) A legal delimiter is either a comma, one or more blanks, or a comma with 
one or more adjacent blanks. The end of the card is equivalent to a 
corona. 

5) A $ causes BOPACE to ignore the columns following the $ on that card. 

The $ may be used for comments, or to allow the BOPACE input interpreter 
to stop scanning the card for further data. 

6) A null data item causes BOPACE to use a default value. {If a default 
value does not exist, a zero value is generated.) Null items are input 
by successive commas which do not enclose a data item, or by completely 
omitting the last one or more items associated with a name tag. 

10.3 BOPACE DATA CARD DEFINITIONS 

BOPACE requires most data to be input in a predefined order. Not all data is 
required to be input. If a particular portion of data is not required for 
the problem to be solved, then this data may be omitted. Section 10.3.0 
gives a summary name-tag list of the BOPACE data card types, shown in the 
suggested order of input. The remainder of Section 10.3 gives a more detailed 
explanation of each card type, including the definition of its various indi- 
vidual data items. 
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10.3.0 Summary Name-Tag List of BOPACE Data Cards 


TITLE 
DCONDITION 
PROBLEM } 
SOLUTION 
RESTART 
CHECKPOINT 
SET } 

PRT1 
PRT2 


(Cold start only). 


Give for each set (cold start only). 

Required to obtain output of problem results. 


CTITLE 
MAT I 

IMODULUS 
IP0ISS0N 
ISTRAIN 
PLASTIC 
PTEMP 
IHARD 
KSHAPE 
KFACTOR 
CREEP ^ 
CSHAPE I 
CTEMP [ 
CFACTOR J 
MATA 

AELASTIC 
AFACTOR 
XSTRAIN 
YSTRAIN 
ZSTRAIN J 
CARTESIAN } 
NODE } 
BOUNDARY 
NODE } 
PBRICK ' 
PQUAD 
PQRING 
RBRICK ' 
RQUAD 
RQRING , 
BRICK ’ 

QUAD 
QRING , 

MPC‘ } 

SPC } 



Isotropic elastic material data group. 
Repeat for each isotropic material. 


Plastic material data group. 

Repeat for each isotropic material . 


Creep material data group. 

Repeat for each isotropic material. 


Anisotropic material data group. 
Repeat for each anisotropic material. 


Repeat for each special coordinate system. 

Repeat for each constant non-boundary node. 

Repeat for each boundary node. 

Use as many of these cards as required to define 
properties for constant elements. 

Use as many of these cards as required to define 
reference points for constant elements. 

Give one of these element cards for each constant element 

Give one card for each multi -point constraint. 

Use as many cards as desired for single-point constraints 
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VTITLE 

All^constant structure card types except BOUNDARY may be given here. Any 
material data group ( MAT I , PLASTIC, CREEP, or MATA group) redefined here will 
permanently replace the corresponding data group defined previously. Redefi- 
nition of a previously defined special coordinate system is allowed, but will 
produce a warning message. 


ITITLE 
L FACTOR 
CTIME 
SOLUTION 
PRT1 
PRT2 

MAT I GROUPS 1 
PLASTIC GROUPS I 
CREEP GROUPS I 
MATA GROUPS J 
CLOAD } 

Cl LOAD I 
C2L0AD J 
DLOAD 
D1 LOAD 
02 LOAD 
TLOAD 1 
T1 LOAD [ 

T2L0AD J 
SLOAD 1 
SI LOAD | 

S2L0AD j 
TAXIS 
RAX IS 
CMASS 
Cl MASS 
C2MASS > 



If given here, these override corresponding problem con- 
trol cards, for current increment only. 


If redefined here, each of these permanently replaces the 
material data group defined previously. 

Concentrated mechanical load sets group. Use as many 
cards as desired to redefine loads. 

Distributed mechanical load sets group. Use as many 
cards as desired to redefine loads. 

Thermal load set group. 

Use as many .cards as desired to redefine thermal loads. 

Normal strain/stress load set group. Use as many cards 
as desired to redefine normal strain/stress loads. 


Inertia loads data group. 

Use as many CMASS type cards as desired to redefine 
concentrated masses. 


EOF' } 


Final card after end of data for all problems. 
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Problem Control - Title Card 


TITLE 





Description : 
Format 


Defines the title for the problem. 


TITLE 

titl e 


Examples 

TITLE 

THIS CARD 

IS REQUIRED 


CONTINUE 

FOR EVERY 

BOPACE PROBLEM 

Field 


Contents 

titl e 


Any hollerith characters. 

Remarks: 1) 

This card 

is required for every BOPACE problem 


and it must be the first data card. 


2) The non-continued part of the title appears on 
the first line of every page of output. 



% ... ..JF* 
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10.3.2 Problem Control - Diagnostic Condition Card DC0NDITI0N 

Description : Diagnostic condi lion for switching to a diagnostic detection 

mode only (problem solution is aborted). 

Format 

DCONDITION cond 

Examples 

DCON 1 


Field Content 


cond Condition code. 

0 diagnostic detection only (no problem solution) 

1 a warning message causes a switch to diagnostic 
detection only 

2 forces a solution when warning messages are present, 
but an error message causes a switch to diagnostic 
detection only (default) 

>2 forces a solution when warning or error messages are 
present 

Remarks : 1) If a DCOND card is not input, then cond = 2. 
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10.3.3 Problem Control - Problem Type Card PROBLEM 

Description : Defines basic problem type. 

Format 


PROBLEM probt geomnl 


Examples 


PROB 2 1 


Field 

probt 


geomnl 


Remarks: 


Contents 

Problem type. 

2 two-dimensional space 

3 three-dimensional space (default) 

4 ax i symmetric problem 
Non! inearity. code. 

0 material nonlinearity only (default) 

1 geometric and material nonlinearity 

1) If a PROBLEM card is not input, all default values 
will be assumed. 




10.3.4 Problem Control - Solution Parameter Card SOLUTION 

Description : Defines solution method and iteration variables for 

all increments. 

Format 


SOLUTION 

errmax 

scode 

maxup 

maxit-j maxit 2 maxit 3 


C0NT 

max i e 

maxyc 

maxcut 

cut afact 


Exampl es 


SOLU .005 

1 1 4 


Field 


Contents 


errmax Maximum allowable residual error norm (default is .001). 


scode Stiffness matrix generation code for updating stiffness 

matrix during iteration loop. 

1 do not update matrix (always use the initial elastic 
matrix generated for a temperature distribution 
defined by the element fabrication temperatures) 

2 update elastic matrix (based on current temperature 
and geometry) 

; 3 update total (elastic plus plastic) matrix (default) 

4 update both elastic and total matrices 

maxup Maximum number of stiffness matrix updates per increment 

in order to achieve convergence to within the maximum 
allowable residual error norm (default is 1). 

maxit. Maximum number of residual -force iterations before update 

, 1 i of the stiffness matrix is computed (default is 10, 10 

and 1 0) . 
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10.3.4 Problem Control - Solution Parameter Card - continued 


Field 

maxie 

maxyc 

maxcut 

cut 

afact 

Remarks: 


\ 


Contents 


Maximum number of initial iterations for each increment 
using the elastic matrix (default is 2). 

Maximum allowable magnitude of the elastic-plastic sum 
code (default is 2). 

Maximum number of cuts to be performed (giving a new 
solution as a fraction of a previously used displacement 
correction) if residual norm is not decreasing (default 
is 1 ) . 

Cutting fraction to be multiplied times previously used 
displacement correction (default is .5). 

Fraction from end of increment to evaluate stress versus 
plastic-strain slope in forming total stiffness matrix 
(default is .1). 

1) If SOLUTION is not input, all default values will be 
assumed . 

2) If max it] is zero, BOPACE will update the stiffness 
matrix before the iteration process starts. 

3) If maxit] and maxup are zero, then BOPACE will not 
perform an incremental solution, but will print the 
requested nodal and reference-point quantities, 
computed during the previous increment. 
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10.3.5 Problem Control - Restart Card 


RESTART 


Description: 

Directs BOPACE to start a problem from a previous problem 
that was checkpointed. 

Format 


RESTART incr 

vstr tapno 

Exam pi es 

REST 48 

3 1 

Field 

Contents 

incr 

Increment number on the checkpoint tape from the end of 
Which a restart is to be made. 

vstr 

Variable structure number on the checkpoint tape from 
the end of which a restart is to be made (default is 1). 

tapno 

Logical unit containing a checkpoint tape from a previous 
problem (default is 28). 

Remarks: 

1) Value of zero for incr causes the restart to occur 
after variable structure vstr. 


2) A value of zero for vstr causes the restart to occur 
after the constant structure. 


3) In case of multiple restarts, the incr and vstr values 
are cumulative. 


10.3.6 Problem Control - Checkpoint Card CHECKPOINT 

Description : Directs BOPACE to checkpoint the problem. 

Format 

CHECKPOINT tapeno 
Examples 

CHEC 56 

Field Content 

tapeno Logical unit on which BOPACE is to checkpoint the 

problem (default is 29). 

Remark s : 1) This card is required only for problems that are to 

be checkpointed. 
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10.3.7 Problem Control - Set Card{s) SET 

Description : Defines a set of either nodes or elements for output requests. 

Format 




SET sid i,, i~, etc, DO i, i. i,- MINUS i A i 7 , etc. 

— - — ■ — 4 5 ■ — — ( Repeat as 

" required 

CONTINUE DO ig.ig.i-jQ PLUS 'u V ^5 


Exampl es 


SET 

10 

1.3 DO 100 200 MINUS DO 50 60 PLUS 55 


SET 

5 

PLUS DO, 1,75, 2 


SET 

100 

90 


Field Contents 


sid 


Set identification number. 


i-j i 2 , etc. 
DO i 3 i 4 i 5 


MINUS 


Node or element identification numbers that are to be output. 

Nodes or elements that are to be output, beginning at 
ig, ending at i*, and those intermediate nodes or 
elements generated by repeatedly adding 1*5 to ig. 

Default is = 1 . 

Nodes or elements following the MINUS are removed 
from the set definition. 


PLUS 


Remarks: 


Nodes or elements following the PLUS are added to the 
set definition. 

1) SET cards are optional. 

2) SET cards can be referenced by PRT1 and PRT2 cards. 

3} Set generation begins with an implied PLUS operator, 
which holds until a MINUS is encountered, etc. 
Redundant PLUS or MINUS operators are optional . 
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10.3.8 Problem Control - Output Request Card 
Description : Print selected nodal quantities. 

Format 


PRT1 


PRT1 

n 

sid 

Examples 

PRT1 

i 

1 
- f 


PRT1 

i 

0 


PRT1 

i 

100 

Field 


Contents 

n 


Specified type of nodal quantity. 



1 internal forces and displacements 

sid 


Set identification number. 


Rema rks : 


-1 

0 

>0 

1 ) 


print all nodal quantities of specified type 

print no nodal quantities of specified type (default) 

print nodal quantities of specified type for only the 
the nodes included in set sid 

Caution - if a PRT1 card is not input, then no nodal 
quantities are printed. 
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10.3.9 Problem Control - Output Request Card PRT2 

Description : Print selected element reference-point quantities. 

Format 

PRT2 n-j sid-| n^ sid 2 n^ sid 3 etc. 

Exampl es 


PRT2 1,-1 2,0 11,3 6,1 


Field 


n 


i 



Remarks : 


Contents 


Specified type of reference-point quantity. 

1 cumulative stresses 

2 incremental stresses 

3 cumulative elastic strains 

4 incremental elastic strains 

5 cumulative plastic strains 

6 incremental plastic strains 

7 cumulative creep strains 

8 incremental creep strains 

9 cumulative total strains 

10 effective plastic and creep strains 

11 thermal strains 

Set identification number. 

-1 print all element reference-point quantities of specified 
type 

0 print no element reference-point quantities of specified 
type (default) 

>0 print element reference-point quantities of specified 
type for only the elements included in set sid 

1) Caution - if a PRT2 card is not input, then no element 
reference quantities are printed. 
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10.3.10 Constant Structure - Title Card 


CTITLE 


Description : Defines a title for the constant structure data. 

Format 

*r 

CTITLE ctitle 

Exampl es 

CTITLE THIS TITLE APPEARS ON THE SECOND LINE 

CONT OF EVERY PAGE OF OUTPUT 


Field 


Contents 


ctitle 

Remarks: 


Any hollerith characters. 

1) This card is required to be the first card of the 
constant structure data. 

2) The non-conti nued part of the title appears as the 
second line on every page of output. 

3) This card is required only if there is constant 
structure data . 
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10..3.11 Constant Structure - Isotropic Elastic 
Properties Cards 


imJLUS 
I POISSON 
I STRAIN 


Description ; Defines Young's modulus, Poisson's ratio and thermal 
strains for isotropic materials. 


Format 


MAXI 

mid 

density 






IMODULUS 


mod.| 

tm 2 

mod g 

tm 3 

mod 3 

etc. 


I POISSON 

tp^ 

poi-j 

tp 2 

CM 

o 

Cl 

*P3 

poi 3 

etc. 


I STRAIN 

ts-j 

str-j 

ts 2 

str 3 

ts 3 

str 3 

etc . 


Repeat 
for each 
isotropic 
material 


Example 


MAT I 4 .001 


IMOD 

0..1.E6 1..10.9E6 


IPO I . 

0 .3 


ISTR 

to 

1 

LU 

O 


Field 

mid 

i 

density 

tm.. 

mod.j 

tp i 


Contents 

Material identification number ('! £ mid < 5). 

Mass density. 

Temperatures at which Young's modulus is defined. 
Young's modulus at temperature tm^ . 

Temperatures at which Poisson's ratio is defined. 


10.3.11 Constant Structure - Isotropic Elastic Properties Cards - continued 


Field 


poi. 

ts i 
str . 


Remarks: 


Contents 


Poisson's ratio at temperature tp.. 

Temperatures at which thermal strain is defined. 

Thermal strain at temperature ts^ . 

1) If the ISTRAIN card is not input for a material, 
then default thermal properties are generated with 
no thermal strain. 
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A 


10.3.12 Constant Structure - Isotropic Plastic 
Properties Cards 


PLASTIC 

PW" 

mm 

KlWE 

kPaCTor 


Description : Define isotropic hardening, kinematic hardening shapes, 

and kinematic hardening factors for isotropic plastic 
materials. 

Format 


PLASTIC mid ptype ktype 


PTEMP 

temp 




- ■ > 






Repeat 

Repeat for 

I HARD 

iPl 

is l 

ip 2 

is 2 

I 

etc. j 

► 

for each 
temperature 

each 

► isotropic 



plastic 

KSHAPE 

kp 1 

ks-j 

kp 2 

k$ 2 

etc . 



material 





KFACTOR 

, CP 1 

f l 

cp 2 

f 2 

J 


> 



Exampl es 


PLAS 


PTEMP 


IHAR 


KSHA 


PTEMP 


IHAR 


KSHA 


3 1 


0. 


0. 2. 3. 2. 9. 3.5 


0 . 0 . 1 


1. 3. 2. 


1 . 


9. ' 3.5 


0. 2. 3.5 2.2 


0. 0. -1. 1. 4. 2. 


I 
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10.3.12 Constant Structure - Isotropic Plastic Properties Cards - continued 


Field 

Contents 

mid 

Material identification number (1 .< mid 4 5). 

ptype 

Plasticity type. 

1 strain hardening (hardening parameters = sum of 
increments of effective plastic strain, default) 

2 work hardening (hardening parameters = cumulative 
plastic work density) 

ktype 

Kinematic type. 

0 kinematic hardening is a function of one parameter 
(default) 

1 kinematic hardening is a function of two parameters 

temp 

Temperature. 

iPi 

Cumulative hardening parameters at which isotropic stress 
values are defined for temperature temp (must monatoni-r 
cally increase). 

is i 

Isotropic stress at cumulative hardening parameter ip^. 

kPi 

Kinematic parameters at which kinematic stress shapes are 
defined for temperature temp (must monatonically increase). 

Ks. 

Kinematic stress shape at kinematic parameter kp^. 

c Pi 

Cumulative parameters at which kinematic stress factors 
are defined for temperature temp (must monatonically 
increase) . 

f i 

Kinematic stress factor at cumulative parameter cp. (must 
monatonically increase). . ' 1 
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10.3.12 

1 

Remarks : 


Constant Structure - Isotropic Plastic Properties Cards - continued 

t 

1) If no plasticity data or only the PLASTIC card is input 
-for a material, then default plastic properties are 

* -generated with an essentially infinite yield stress. 

2) If the kinematic type is zero for a material, then 
the kinematic stress factors are taken as 1.0 and 
the KFACTOR card is not input. 

3) Temperatures must monatonically increase. 

4) For uniaxial tension case,, isotropic stress - (.t+cl2, 
and kinematic stress = Ct-c)/2, where t = tensile yield 
stress and c = compressive yield stress. 


10.3.13 Constant Structure - Isotropic Creep 
Properties Cards :V 


CREEP 

CSHAPE 

cw 

CFACTOR 


Description : 


Format 


Define a creep curve shape and temperature dependent - 
creep factors. 


CREEP mid ctype 


CSHAPE 

time-j , 

strain-], time 2 strain,. 

etc . 


CTEMP 

temp 




CFACTOR 

stress^ 

1 , fact-] , stress,, fact,. 

etc. 


■\ 


Repeat 
for each 
temperature 


( Repeat 
for each 
i sotropic 
material 


Exampl e$ 


'S 


CREEP 3 2 


CSHAPE 

0 . 

0. 10.1 30. 20. 

40. 


CTEMP 

0 . 




CFACT 

0 . 

1.3. 1 . 11 . 9 



Field Contents 

mid Material identification number (1 < mid < 5). 

ctype Creep type. 

1 age hardening (based o^.c/reelp time, default) 

2 strain hardening (based on sum of increments of effective 
creep strain) 

3 work hardening (based on cumulative creep work density) 

time- Times at which creep strains are defined (must monatonically 

increase). 

strain.. Creep strain at time time^. 
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10.3.13 
Field 
temp 
stress • 

fact.. 

Renarks: 


Constant Structure - Isotropic Creep Properties Cards - continued 

Contents 

Temperature. 

Stress values at which creep factors are defined (must 

monatonically increase). 

Creep factor at stress value stress^. 

1) If no creep data or only the CREEP card is input 
for a material, then default creep properties are 
generated with no creep. 

2) Creep is equal to the creep factor (function of 
temperature and stress) times the creep curve shape. 

If the CTEMP and CFACTOR cards are not input for a 
material, then the creep factors are taken as 1.0. 

3) Temperatures must monatonically increase. 



10.3.14 Constant Structure - Anisotropic Elastic 
Properties Cards 

Description : Defines anisotropic elasticity matrix 

and thermal strains. 


f MATA 
SETfiSTIC 
AFACTOR 

’ x5YrAin v 

YSTRA1N 
. ^STRAIN 


Format 


MATA 

mid 

density 




AELASTIC 

C 11 

c 12 C 1 3 

— 

c 66 


AFACTOR 

*1 

f l *2 

f 2 — 

etc. 


XSTRAIN 

tX-| 

SX-j tx« 

sx 2 — 

etc. 


Y STRAIN 

ty l 

sy-, ty 2 

sy r - 

etc . 


ZSTRAIN 

tz l 

SZ 1 tz 2 

sz 2 

etc. 


Repeat 
for each 
anisotropic 
material 


Exampl es 


MATA 

6 







AELA1 

1 

0 

0 

0 

0 

0 


C0NT2 

0 

2 

1 

0 

0 

0 


CO NT 3 

0 

1 

5 

0 

0 

0 


C0NT4 0 0 0 5 0 0 


C0NT5 

0 

0 

0 

0 

5 

0 


C0NT6 

0 

0 

0 

0 

0 

4 



-11 0 1 10 2 


AFACT 


10.3.14 Constant Structure - Anisotropic Elastic Properties Cards - 
continued 


Field 


Contents 


mid 

density 



tx. 


*1 

s *i 


Material identification number (6 4 mid <,10). 

Mass density. 

Entry for the elasticity matrix. 

Temperatures at which elastic matrix factors are defined. 

Elasticity matrix factor for temperature t. . 

Temperatures at which thermal strains are defined for 
direction x (element reference-point displacement coor- 
dinate system) in the material. 

Thermal strain for direction x at temperature tx^ . 

Temperatures at which thermal strains are defined for 
direction y in the material. 

Thermal strain for direction y at temperature tx^. 

Temperatures at which thermal strains are defined for 
direction z in the material. 


sz.. Thermal strain for direction z at temperature ty . . 

Remarks : 1) If the AFACTOR card is not input for a material, then 

the elasticity matrix factors are taken as 1 .0. 

2) If the XSTRAIN, YSTRAIN or ZSTRAIN card is not input, 
then default thermal properties are generated with 

no thermal strain for the respective x, y or z 
direction. 

3) For an anisotropic elastic material, BOPACE computes 
cumulative stress from engineering cumulative elastic 
strain, using the elasticity matrix and its factor as 
follows. 


V 


’ C ll C 1 2 C 13 c 14 C 1 5 C 1 6* 


r£ xx^ 

ff yy 


C 21 c 22 c 23 c 24 c 25 c 26 


E yy 

*zz 


C 31 c 32 c 33 c 34 c 35 c 36 


c zz 


► = f 


< 

► 

°xy 


C 41 c 42 c 43 c 44 c 45 c 46 


Y xy 

a xz 


C 51 c 52 c 53 c 54 c 55 C 56 


Y xz 

*°yz- 

i 

_ c 61 c 62 c 63 c 64 c 65 c 66. 


^yz. 




10.3.15 Constant Structure - Cartesian Coordinate CARTESIAN 

System Card(s) 

Description : Defines special Cartesian coordinate systems (used for 

nodal displacements and forces, and for elemental reference- 
point quantities). 

Format 



Give one of 
these for 
each special 
Cartesian 
system 



CARTESIAN 100 1 4 83 


CART 53,2 2 1. ,30,10. 1. ,45,10. 1. ,30,12. 

Field Contents 

cid Coordinate system identification number (3<cid). 

opt Option code. 

1 three nodes define coordinate system 

2 coordinates of three points define coordinate system 

node a Node defining origin of coordinate system. 

node^ Node on the x-axis of coordinate system. 

node c Node in the x-y plane of the coordinate system. 

rcid Coordinate system referenced to define the coordinates of 

three points. 

1 basic Cartesian (default) 

2 basic cylindrical 

3 basic spherical 

x a ,y a ,z a Coordinates defining the origin. 

x b>y b > z b Coordinates defining a point on the x-axis. 

x c ,y c ,z c Coordinates defining a point in the x-y plane. 
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10.3.15 Constant Structure - Cartesian Coordinate System Card(s) - continued 


Remarks: 


T) Special Cartesian coordinate systems are optional. 

2) See Figure 10.0-2 for a schematic of the BOPACE 

Cartesian, cylindrical and spherical systems. 


3) Angle coordinates are input in degrees. 



10.3.16 Constant Structure - Node Definition Card(s) NODE 
Description : Define the nodes that comprise the constant structure. 

Format 

NODE nid x y z lid did spc | Repeat for each node 

Examples 


NODE 51 11.5 90. 0. 2 2 31 


Field 

nid 


x, y j 2 
lid 


did 


Contents 


Identification number of node (0<nid). 

Coordinates of node. 

Coordinate system used to define coordinates of node. 

1 basic Cartesian (default) 

2 basic cylindrical 

3 basic spherical 

Coordinate system used to compute displacements and 
nodal forces ( 0<di d , default 1). 


spc 


Single point constraints (packed number composed of the 
digits 0, 1, 2 and/or 3). 


0 no constraint (default) 

1 constrain freedom 1 

2 constrain freedom 2 

3 constrain freedom 3 

Remarks : 1) Each node must have a unique nid number. 

2) Boundary nodes may be used to define a constant/ 
variable structure interface. In that case 
non-boundary nodes are defined first and then 
boundary nodes. The two groups of nodes are 
separated by a data card which has only the name 
tag BOUNDARY on it. 

3) Angle coordinates are defined in degrees. 
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10.3.17 Constant Structure - Element Property Definition 

' Card(s) PBRICK 

Description : Defines properties for isoparametric BRICK elements 

in the constant structure. 


Format 


( Repeat for each 
different definition 
of element properties. 


Examples 


PBRICK 2 70. 


Field Contents 

pid Identification number of the element property definition, 

referred to by BRICK card(s). 

ftemp Fabrication temperature of the element. 

mcode Mapping code for element shape functions. 

0 proportionate mapping 

1 serendipity mapping (crack-tip element) 

Remarks : 1) Each element property definition must have a unique pid 

number within constant or variable structure only. Element 
property definitions are not recognized across constant/ 
variable structure boundaries. 
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PQUAD 


10.3.18 Constant Structure - Element Property Definition 
Cards 


Description : Defines properties for isoparametric QUAD elements in 

the constant structure. 


Format 


PQUAD pid thick nscode ftemp mcode 


Repeat for each 
different definition 
of element properties 


Exampl es 


PQUAD 51 1.0 1 70. 1 


Field 


Contents 


pid Identification number of the element property definition, 

referred to by QUAD card(s). 

thick Thickness of the element. 

nscode Number of prescribed normal stress directions. 

0 prescribed normal strain (generalized plane-strain element) 

1 prescribed normal stress (generalized plane-stress element, 

defaul t) 

ftemp Fabrication temperature of the element. 

mcode Mapping code for element shape functions. 

0 proportionate mapping 

1 serendipity mapping (crack-tip element). 

Remarks : 1) Each element property definition must have a unique pid 

number within constant or variable structure only. 

Element property definitions are not recognized across 
constant/variable structure boundaries. 
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10.3.19 Constant Structure - Element Property Definition 

Cards - PQRING 

Description : Defines properties for isoparametric QRING elements in 

the constant structure. 

Format 


PQRING pid ftemp mcode 


Examples 


( Repeat for each 
different definition 
of element properties 


PQRING 151 70. 1 


Field Contents 

pid Identification number of the element property definition, 

referred to by QRING card(s). 

ftemp Fabrication temperature of the element. 

mcode Mapping code for element shape functions. 


0 proportionate mapping 

1 serendipity mapping (crack-tip element) 


Remarks : 1) Each element property definition must have a unique pid 

number within constant or variable structure only. 
Element property definitions are not recognized across 
constant/variable structure boundaries. 
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10.3.20 Constant Structure - Element Reference-Point Definition 

Card(s) - RBRICK 

Description: Defines reference points for isoparametric BRICK element(s) 

in the constant structure. 


Format 


- 1 

Repeat for 
each different 
definition 
"of element 
reference 
points 

RBRICK 

rid lid did rpcode icodeg icode-j icodeg icode^ 

. 

\ 

_ i 

CONTINUE 

9P 11 gp 21 9P 31 gp 12 gp 22 gp 32 9p 3ngp 




J 

Exampl es 




RBRICK 

2 2,27 25 1 ,2,2,2 -1 ,1 ,.l -1,1 ,.2 




CONT 

-1 ,1 , .5 0 ,0 , . 5 




Field Contents 

Y&L 

rid Identification number-Df the element reference-point 

definition, referred to by BRICK card(s). 


lid Coordinate system used to display reference-point locations 

in BRICK element(s). 

1 basic Cartesian (default) 

2 basic cylindrical 

3 basic spherical 

did Coordinate system used to define the stresses and strains at 

a reference point for BRICK element(s). 

0 tangent system (default) 

1 basic Cartesian 

2 basic cylindrical 

3 basic spherical 

>3 special Cartesian 
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L 


10.3.20 Constant Structure - Element Reference-Point Definition 
; Card(s) - continued 

Field Contents 

rpcode Reference-point code defining the point locations at which 
stresses, strains, etc. are to be computed for printout. 

This code is a packed number composed of the digits 1, 2, 3, 4 
and/or 5. 

1 integration points 

2 corner points 

3 surface center points 

4 element center point (default) 

5 general user-defined points 

icodeg Integration-point type. 

0 number of Gauss points in each parent coordinate direction 
is equal to the maximum number of nodes in that direction 

1 number of Gauss points in each direction is to be input as 
icode-j, icode 2 , and icode 3 (0<icode i -) 

icode-j Number of Gauss points in direction 

icode^ Number of Gauss points in direction n. 

icode^ Number of Gauss points in direction 

gp.j. ith parent coordinate of general reference-point j (given 
J only if rpcode includes the digit 5). 

Remarks : 1) Reference points consist of integration points plus 

additional user selected points for output purposes. 

2) Each element reference-point definition must have a 

unique rid number within constant or variable structure 
only. El ement reference-point definitions are not 
recognized across constant/variable structure boundaries. 
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10.3.21 Constant Structure - Element Reference-point Definition 
Cards (s) RQUAD 

Description : Defines reference points for isoparametric QUAD element(s) 


Format 

in the constant structure. 


RQUAD 

rid lid did rpcode icodeg icode^ icodeg "j 

Repeat for each 
different 
> definition 
” of element 
reference 

1 

CONTINUE 

gp H pg 21 pg 12 gp 22 — gp 2ngp 


md 

points. 

Exampl es 



RQUAD 

1 1,0 J245 0,,, . 5 , . 1 .5, .2 





CONT 

.5, .5 ,5,.9 .1,0 .8 , .6 


Field 

Contents 



rid Identification number of the element reference-point 

definition, referred to by QUAD card(s). 

lid Coordinate system used to display reference-point locations 

in QUAD element(s). 

1 basic Cartesian (.default) 

2 basic cylindrical 

3 basic spherical 

did Coordinate system used to define the stresses and strains 

at a reference point for QUAD element(s). 

0 tangent system (default) 

1 basic Cartesian 

2 basic cylindrical 

>3 special Cartesian 
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10.3.21 Constant Structure - Element Reference-Point Definition » 

Card(s) - continued 

Field Contents 

rpcode Reference-point code defining the point locations at which 

stresses, strains, etc. are to be computed for printout. 

This code is a packed number composed of the digits 1,2,4 

and/or 5. 

1 integration points 

2 corner points 

4 element center point (default) 

5 general user-defined points 

icodeg Integration-point type. 

0 number of Gauss points in each parent coordinate 
direction is equal to the maximum number of nodes in 
that direction 

1 number of Gauss points in each direction is to be 
input as icode-j and icode 2 (0<icode- ) 

icode-j Number of Gauss points in direction g. 

icodeg Number of Gauss points in direction 0 . 

gp.. ith parent coordinate of general reference-point j 

; (given only if rpcode includes the digit 5). 

Remarks ; 1) Reference points consist of integration points plus 
additional user selected points for output purposes. 

2) Each element reference-point definition must have a unique 
rid number within constant or variable structure only. 
Element reference-point definitions are not recognized 
across constant/variable structure boundaries. 

3) For QUAD elements used in 3-D problem, did must be 0. 
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10.3.22 Constant Structure - Element Reference-Point Definition 
Card(s) - RQRING 

Description : Defines reference points for isoparametric ax i symmetric 

quadrilateral element(s) in the constant structure. 


Format 


RQRING rid lid did rpcode icode^ icode-j icode 2 


CONTINUE gp n gp 2] gp ]2 gp 22 — gp 2ngp 


Repeat for 
each different 
„ definition 
of element 
reference 
- points 


Exampl es 


RQRING 1 1,7 1 1,2,2 


Field Contents 

rid Identification number of the element reference-point 

definition, referred to by QRING card(s). 

lid Coordinate system used to display reference-point 

locations in QRING element(s). 

1 basic Cartesian (default) 

2 basic cylindrical 

Remarks : 1) See description of RQUAD for remaining fields and 

remarks. 


10.3.23 Constant Structure - Element Definition Card(s) BRICK 


Description: Defines isoparametric brick elements in the constant 

structure. These elements are composed of eight corner 
nodes, and from zero to three interior nodes per edge 
(12 edges) in any combinations, for a maximum of 44 total 
nodes.' 

Format 


BRICK 

eid 

mid pid rid n-j n^ n g n^ n g n g n 7 n g n g 


CONTINUE 

n 9 

— n t 

Exatnpl es 

BRICK 

10 

3,2,2 11 ,13,9,4,102,106,101 ,100 

Field 


Contents 


Repeat 
f for each 
brick 
element 


eid Element identification number (0<eid). 


mid Material identification number (l^mid^lO). 


pid Property card identification number. 

rid Reference-point card identification number. 

n l — n 8 Corner nodes of brick (see Figure 10.0-3). 

n g Maximum number of interior nodes per edge. 

nq — n Edge nodes where a = 8 + 12 x n . Edge nodes are defined for 
each edge in the order shown in e Figure 10.0-3. Edges having 
less than n e nodes, have zeros inserted so that the number of 
edge node entries for each edge is the same. If n e = 0, 
fields ng — n ft are blank. 

Remarks: 1) Each element must have a unique eid number. 

2) Default element properties are assumed if pid = 0. 

3) Default reference-point properties are assumed if 
rid = 0. 
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10.3.24 Constant Structure - Element Definition Cards 


QUAD 


Description : Defines an isoparametric quadrilateral membrane element 

in the constant structure. These elements are composed 
of four corner nodes, and from zero to three interior 
nodes per edge (4 edges) in any combinations, for a maximum 
of 16 total nodes. 

Format 


( Repeat for 
each QUAD 
element 


Examples 


QUAD 201 4,51,1 101 ,102,103,104 1 0,106,0,107 


Field Contents 

eid Element identification number (0<eid). 

mid Material identification number (l^mid^lO) . 

pid Property card identification number. 


rid Reference-point card identification number. 


n l ~* n 4 Corner nodes of element (see Figure 10.0-3). 


n g Maximum number of nodes per edge. 


ng — n^ Edge nodes where £ = 4 + 4 x n e . Edge nodes are defined for 

each edge in the order shown in Figure 10.0-3. Edges having less 
than n e nodes, have zeros inserted so that the number of edge 
node entries for each edge is the same. If n e =0, fields 
n 5 — n £ are blank. 

Remarks : 1) Each element must have a unique eid number. 

2) Default element properties are assumed if pid = 0. 

3) Default reference-point properties are assumed if 
rid = 0. 


4) Curved QUAD elements may be used in 3-D problems, e.g. 
as face skins combined with BRICK core elements, and 
for membrance analysis of shells. Mote that membrane 
shell analysis will generally require double curvature 
in each QUAD to prevent singular mechanisms, because 
the membrane QUAD has no bending stiffness. 
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10,3.25 Constant Structure - Element Definition Cards QR1NG 

Description : Defines an isoparametric axi symmetric quadrilateral element 

(nodes as in QUAD element I. 

Format 

QRING eid mid pid rid n-j n ^ n^ n^ n g n g n g — -n^ 

Remarks : 1) See description of QUAD for examples, fields and 


1 Repeat 
for each 
QRING 
el ement 

remarks. 
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10,3.26 Constant Structure - Multi -Point Constraint Cards 


MPC 


Description : Defines the displacement for one freedom as a function of 

the displacements at other freedoms of the structure. The 
form of the equation is: 


where Q-j and Qj are the displacements at freedoms i and j, 
and a-j j are coefficients to be multiplied times the dis- 
placements of freedoms j (summation on j). 


Format 


MPC 

n l C 1 

n 2 c 2 a 2 n 3 c 3 a 3 


CONTINUE 

n 4 c 4 

etc . 

Examples 



MPC 

10, 3 

11, 3, .5 13,2,2.5 

Field 


Contents 


Repeat for each 
( multi -point 
’ constraint 
equation. 


n-| Dependent node. 

c-| Component number for the dependent node (1, 2 or 3). 


n^, n-j, etc. Independent nodes. 

c 2> c 3 , etc. Component numbers for independent nodes (1, 2 or 3). 


a 2 i a^. etc. Coefficients for independent nodes. 


Remarks : 


1) On a constant structure MPC card, only freedoms 
at the constant and boundary nodes can be 
referenced, 

2) If the dependent freedom is at a boundary node, then 
the independent freedoms must also be at boundary nodes. 

3) MPC 1 s can be used to define sliding boundaries (equal 
normal displacements at pairs of nodes), to simulate 
rigid connectors (constant distance between given 
nodes), to enforce straight lines or plane surfaces 
(by proper combination of normal displacements), and 
for many other purposes. 
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10.3.27 Constant Structure - Single-Point Constraint Cards SPC 

Description : Defines displacement freedoms of the structure. The 

displacements are assumed to be zero unless they are 
defined via a concentrated load set. 


Fonnat 


SPC n, c, n 9 c 9 n, c* etc. I Repeat as 

— - - - f required 


Exampl e 


SPC 100,1 201,3 5,2 


Field 


Contents 


n^, ci The freedom corresponding to node n^ and component ci 

is to be constrained to zero displacement, unless 
defined as non zero via the concentrated load sets. 

Remarks : 1) Only freedoms at the constant and boundary nodes 

can be referenced on the constant structure SPC 
card . 
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10.3.28 Variable Structure - Title Card VTITLE 

Description : Defines a title for the variable structure. 

Format 

VTITLE vtitle 
Examples 

VTITLE The VTITLE CARD IS THE FIRST CARD 

CONTINUE OF THE VARIABLE STRUCTURE DATA 

Field 
vtitl e 
Remarks : 


Contents 

Any hollerith characters, 

1) This card is required as the first card of the 
variable structure data. If there is no variable 
structure data, this card need not be input (a null 
variable structure title will be generated by BOPACE). 

2) The non-continued part of the title is printed as 
either the second or third line on every page of 
output. 
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10.3.29 Variable Structure - General Cards 

The Variable structure data is defined in the same order as the constant 
structure data. All data card types, except BOUNDARY, defined in the 
constant structure data section can be used to define the variable structure. 

Variable structure elements may be connected to only boundary or variable 
structure nodes. 

Materials and coordinate systems defined for the constant structure can be 
referenced by the variable structure, without redefinition. Any material 
group which is redefined will permanently replace the corresponding previously 
defined group. Coordinate systems may be redefined, but if this is done a 
warning message will be produced. 

In the variable structure, the dependent freedom on an MFC card cannot be 
a boundary node. Also, all freedoms referenced on the variable structure MFC 
and SPC cards must be at nodes which are either boundary or variable structure 
nodes (not constant structure nodes). Boundary node SPC's may be redefined 
in the variable structure. 
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10.3.30 Increment - Title Card ITITLE 

Description : Define the title for the increment. 

Format 


ITITLE ititle 


Exampl es 


ITITLE THIS CARD IS THE FIRST CARD 


CONTINUE OF THE INCREMENT DATA 


Field 


Contents 


ititle Any hollerith characters. 


Remarks : 


1) This card is required as the first card of the 
increment data. 

2) The non-conti nued part of the title is printed as 
either the third or fourth line on every page of 
increment output data. 

3) If there is no increment data, no incremental 
solutions will be performed. 
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10.3.31 


Increment - Cumulative Load Factor Card 


L FACTOR 



Description: Defines cumulative load factors to be applied to the 

various load sets, as well as acceleration quantities, 
for the increment. 

Format 


LFACTOR cl 1 , c} 2 , dl^, dig. tT si a w a 

. Example 


LFACTOR 0. 1. 5.5 0. 1.0 0.5 0., 100., 0. 


Field 


Contents 


cl. Coefficient for concentrated nodal load set i. 

dl • Coefficient for distributed load set i. 

tl Coefficient for thermal nodal load set. 


si 


Coefficient for normal stress/strain element load set. 


a Translational acceleration (length/time/time) . 

o) Angular velocity (.revolutions/time). 

a Angul ar acceleration (revolutions/time/time). 

Remarks : .1) The LFACTOR card causes cumulative loads to be applied 

for the increment, which are equal to the various factors 
(coefficients) times their respective load sets. 

2) Acceleration quantities defined here are taken as constant 
over the entire structure. They cause cumulative inertia 
loads to be applied for the increment, based on defined 
masses, translational acceleration direction, and axis of 
rotation. 


3) In case geometric nonlinearity was specified on the 
PROBLEM card, inertia loads and follower-type distributed 
loads' '(e.g. pressure or drag loads) are based on the dis- 
placed configuration. 

4) Caution - if an LFACTOR card is not input, then all its 
data items are set to zero for that increment. 
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10.3.32 Increment - Creep Time Card CTIME 

Description : Defines incremental creep time for the increment. 

Format 

CTIME creept 
Example 


CTIME 5.0 


Field 


Contents 


Creept Incremental creep time. 

Remarks : 1) If no CTIME card is input, or a zero value is given for 

creept, then no creep occurs during the increment. 
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SOLUTION 


10.3.33 Increment - Repeated- Card Types 

Increment - Solution Parameter Card 

Increment - Output Request Card PRTl 

Increment - Output Request Card PRT2 

Description : These cards have been described in the Problem Control Data 

section and may also be used in the Increment Data Section. 
If they are defined in the Increment Data Section, then they 
override the corresponding Problem Control card for that 
particular increment only. 


Increment - Isotropic Elastic Properties Cards MAT I GROUPS 

Increment - Isotropic Plastic Properties Cards PLASTIC GROUPS 

Increment - Isotropic Creep Properties Cards CREEP GROUPS 

Increment - Anisotropic Elastic Properties Cards MATA GROUPS 

Description : These cards have been described in the Constant Structure Data. 

Material groups may be added or redefined in the Increment Data. 
Any material group redefined here will permanently replace the 
corresponding previously defined group. The new material 
properties are used inmediately during the iteration process 
and later when the next stiffness matrix update is performed. 


Increment - Cartesian coordinate system card(s) CARTESIAN 

Description : These cards have been defined in the Constant Structure Data. 

Coordinate systems may be added or redefined in the Increment 
Data, however redefinition of a system will produce a warning 
message. 
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10.3.34 Increment - Concentrated Load Set Cardts.) 


CLOAD 
Cl LOAD 
C2L0AD 


Description: Define concentrated loads at the nodes. The actual 

applied loading is equal to the concentrated load factors 
defined on the LFACTOR card times their respective load 
sets . 

Format 





CLOAD 

clsid nid-j c-j v-| nid 2 c 2 v 2 

etc . 

'I 




Cl LOAD 

clsid c v nid^ nid 2 nid^ 

etc . 

i 

1 

Repeat as 
11 required 



C2L0AD 

clsid sid c v 


1 


Exampl es 



J 


CLOAD 

1 101 , 3, .5 100,3,. 5 120,1 , 

2.75 




C2L0AD -2 -1,2,0. 


Field 


cl sid 
nid 
c 
v 

sid 


Contents 


+ Number of concentrated load set (1 or 2). 

Node number. 

Component number for load direction (1, 2 or 3). 
Value of the concentrated load. 

Node set number. 

-I all nodes in structure 

-2 all nodes in constant structure plus boundary 
-3 all nodes in variable structure 
>0 all nodes in set sid 
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10.3.34 Increment - Concentrated Load Set Card(s) - continued 


Remarks : 


1) The order of the concentrated load cards is a user 
option. BOPACE forms each concentrated load in the 
order defined by the user. 

2) Any nodal components for which loads are not defined 
for an increment, are equal to their values in the 
previous increment. Before the first increment, all 
concentrated loads are equal to zero. 

3) Positive clsid denotes an add mode, i.e. each speci- 
fied load is simply added to the set of concentrated 
loads already existing. Negative clsid denotes a 
replace mode, i.e., any existing concentrated loads 
corresponding to a specified load are first deleted 
from the load set, and then the specified load is 
added to the load set. Corresponding loads for 
deletion purposes are those with identical node and 
component number. 

4) A zero c on the C2L0AD card may be used to denote all 
components of load at nodes in sid. 
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10.3,35 Increment - Distributed Load Set Card(s) 


DLOAD 
D1 LOAD 
D2L0AD 


Description: Define distributed loads over line (edge) or area (surface) 

regions of elements. The actual applied loading is equal 
to the distributed load factors defined on the LFACTOR 
card times their respective load sets. j 

Format 


DLOAD 

dl si d dim 

cid c 

eid id-j d-j 

id 2 ri 2 etc. 


Dl LOAD 

dl sid dim 

cid c 

id d eid-j 

eid 2 etc. 


D2L0AD 

dlsid dim 

cid c 

sid id d 


Exampl es 

- 




DLOAD 

2 2,0,3 

95 10, .2 

11..2 20, .3 

21,.3. 


Dl LOAD 

-1 1,U, 

1 0 . 

105,106,108,109 



D2L0AD 

1 2,1,2 

5 6 1.0 




Repeat as 
required 


Field Contents 

dl sid + Number of distributed load set (1 or 2). 

dim Dimension of loaded region (1 = line, 2 - area). 

cid Coordinate system used to define load intensity direction. 

0 edge or face tangent systan 

1 'basic Cartesian 

2 basic cylindrical 

3 basic spherical 

>3 special Cartesian 

c Component number for load intensity direction (1, 2 or 3). 
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10.3.35 

Field 

eid 

id 

d 

sid 


Increment - Distributed Load Set Card(s) - continued 

Contents 

Element number. 

Node, edge or face number of element at which load intensity 
is defined. 

Distributed load intensity. Units are force per length, or 
force per area. 

Element set number. 


-1 all elements in structure 

-2 all elements in constant structure 

-3 all elements in variable structure 
>0 all elements in set sid 


Remarks : 




1) The order of the distributed load cards is a user option. 
BOPACE forms each distributed load in the order defined 
by the user. 

2) Any regions (edges or faces) for which loads are not 
defined for an increment, are equal to their values in 
the previous increment. Before the first increment, 
all distributed loads are equal to zero. 

3) Positive dlsid denotes an add mode, i.e. each specified 
load is simply added to the set of distributed loads 
already existing. Negative dlsid denotes a replace 
mode, i.e. any existing distributed loads corresponding 
to a specified load are first deleted from the load set, 
and then the specified load is added to the load set. 
Corresponding loads for deletion purposes are those with 
identical dimension, element and region number. 

4) On the DLOAD card, a constant (uniform) load intensity 
is specified by giving only one region (edge or face) 
number for field id, along with its corresponding inten- 
sity d. A linear load intensity variation is specified 
by giving the corner node identification numbers id^ of 
the loaded region (two for line or four for area load), 
along with their corresponding intensities d i . A nonlinear 
(general) load variation is specified by giving all node 
identification numbers of the loaded region, along with 
their corresponding intensities. Order of the nodes 

given for a region is arbitrary. 


Vi 
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10.3.35 Increment - Distributed LoH Set Card(s) - continued 


Remarks : 


5) On the D1 LOAD and D2L0AD cards, only constant load 
intensities can be specified. 

6) A negative dlsid and zero id on the D2L0AD card may 

be used to delete existing loads on all edges or faces 
of elements in sid (no loads are added). 



I TLOAD 
T1 LOAD 
T2LOAD 

Description: Define thermal loads (temperatures) at the nodes. The actual 

applied loading is equal to the thermal load factor defined 
on the LFACTOR card times the thermal load set. 

Format 


TLOAD 

tl sid 

nid-j t-j 

nid 2 t 2 

etc. 


T1L0AD 

tlsid 

t nid-| 

nid 2 

nidg etc. 


T2L0AD 

tl sid 

sid t 




Examples 


TLOAD 

1 1 59 ,900. 

160,940. 162,950. 


T2L0AD 

-1 -2 


Field 


Contents 


tlsid + Number of thermal load set (1). 

nid Node number, 

t Temperature value, 

s id Node set number. 


Repeat as 
required 


Remarks: 


-1 all nodes in structure 

-2 all nodes in constant structure plus boundary 

-3 all nodes in variable structure 

>0 all nodes in set sid 

1) The order of the thermal load cards is a user option. 

BOPACE forms each thermal load in the order defined by 
the user. 
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10.3.36 Increment - Thermal Load Set Card(s) - continued 


Remarks : 


2) Any nodes for which thermal loads are not defined for an 
increment, are equal to their values in the previous 
increment. Before the first increment, the temperature 
distribution is defined by the element fabrication temp- 
eratures. At the end of the first load increment, any 
nodal temperatures not defined by the user are equal to 
zero. 

3) Positive tlsid denotes an add mode, i.e. each specified 
load (temperature) is simply added to the set of thermal 
loads already existing. Negative tlsid denotes a replace 
mode, i.e. any existing thermal loads corresponding to a 
specified load are first deleted from the load set, and 
then the specified load is added to the load set. Corres- 
ponding loads for deletion purposes are those with 
identical node number. 
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10.3.37 Increment - Normal Strain/Stress Load Set Card(s) 
Description : 


SLOAD 
SI LOAD' 
S2L0AD 


Define normal strain or stress loads for the surfaces of 
the ROD or QUAD elements. Whether strain or stress is 
defined, is a function of the nscode value on the PROD 
or PQUAD card. The actual applied loading is equal to the 
normal load factor defined on the LFACTOR card times the 
normal load set. 


Format 


SLOAD 

slsid eid-j c-| s^ eid^ Cg s^ etc. 


SI LOAD 

slsid c s eid-j eid^ eid^ etc. 


S2LGAD 

slsid sid c s 

Examples 

SLOAD 

1 52,1 , .01 52,1 , .011 150,1 ,1000. 


SI LOAD 

-1 2,1.0 106,107,108,110 


S2L0AD 

1 5 0 1000. 

Field 

slsid 

eid 

Contents 

+ Number of normal load set (1). 
Element number. 


Repeat as 
required 


Component (normal direction) number. 

1 normal to QUAD surface or first normal direction of ROD 

2 second normal direction of ROD 


Value of normal strain or stress. 


10-58 



10.3.37 


Field 

sid 


Remarks: 


Increment - Normal Strain/Stress Load Set Card(s) - continued 

Contents 


Element set number. 

-1 all elements in structure 

-2 all elements in constant structure plus boundary 

“3 all elements in variable structure 

>0 all elements in set sid 

1) The order of the normal load cards is a user option. 
BOPACE forms each normal load in the order defined by 
the user. 

2) Any element normal components for which loads are not 
defined for an increment, are equal to their values in 
the previous increment. Before the first increment, 
all normal loads are equal to zero. 

3) Positive slsid denotes an add mode, i.e. each specified 
load is simply added to the set of normal loads already 
existing. Negative slsid denotes a replace mode, i.e. 
any existing normal loads corresponding to a specified 
load are first deleted from the load set, and then the 
specified load is added to the load set. Corresponding 
loads for deletion purposes are those with identical 
element and component number. 

4) A zero c on the S2L0AD card may be used to denote all 
components of load on elements in sid. 
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10,3.38 Increment - Inertia Load Cards. 




TAXIS 
RAXIS 
CMASS 
CTMASS 
C2MASS 

Descriptions Define a translational axis and a rotational axis for 
the structure, and concentrated masses at the nodes. 

The load at a particular, node due to its concentrated 
mass is defined by the following equation. 

load = - m times (a + u x (<u. x R) + a x R) 

where a, <u and a are vectors whose directions are 
defined by the TAXIS and RAXIS cards, and whose magnitudes 
are defined by the LFACTOR card. R is a vector from the 
rotational axis to the node, and m is the concentrated 
mass at the node. Inertia load contributions due to 
element distributed mass are computed in a similar manner 
using a volume integral and the element mass density. 


Format 


TAXIS 

x y z c 









RAXIS 

*1 y l Z 1 x 2 y 2 z 2 C 1 c 2 









CMASS 

cmsfd nid^ nid^ 

etc. 

1 




Cl MASS 

cmsid m nid-j nid^ nidg 

etc. 

! 

i 

► Repeat as 

. 

requi red 

C2MASS 

cmsid sid m 





j 


f 


I 


l 

i 


i 

t 


l 


i 


I 


I 


i 
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10.3.38 Increment - Inertia Load Cards - continued 


Examples 


TAXIS 

10. 

, 0, 2.5 


RAX IS 

3., 

30. } 0 3. ,30. ,2. 2,2 


CMASS 

1 

20,10. 22,10. 14,5. 


C2MASS 

-1 

-1 


Field Contents 

x,y,z Components of the translational axis for the structure. 


c 

X 1 ’ y l sZ l 
x 2’ y 2 ,z 2 
C 1 ,c 2 

cms i d 
nid 


Coordinate system used to define translational axis 
(defaul t 1 ) . 

Coordinates of point 1 on rotational axis. 

Coordinates of point 2 on rotational axis. 

Coordinate systems used to define points 1 and 2 
on rotational axis (1 , 2 or 3, default 1). 

+ Number of concentrated mass load set (1). 

Mode number. 


m 

sid 


Value of the concentrated mass. 
Node set number. 


-1 

-2 

-3 

>0 


all nodes in structure 

all nodes in constant structure plus boundary 

all nodes in variable structure 

al 1 nodes in set sid 
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10.3.38 


Increment - Inertia Load Cards - continued 


t 


Remarks: 


1) The order of the concentrated mass cards is a user 1. 

option. BOPACE forms each concentrated mass load j 

in the order defined by the user. 

2) Any nodes for which concentrated masses are not 

defined for an increment, are equal to their values | 

in the previous increment. Before the first incre- j 

ment, all concentrated masses are equal to zero. 

3) Positive cmsid denotes an add mode, i.e. each specified \ 

mass is simply added to the set of concentrated mass [ 

loads already existing. Negative clsid denotes a 

replace mode, i.e. any existing concentrated mass loads 1 

corresponding to a specified mass are first deleted j 

from the load set, and then the specified mass is ! 

added to the load set. Corresponding loads for deletion ! 

purposes are those with identical node number. ; 

5) Concentrated masses may be defined only at nodes which i 

are connected to elements. i 

i 


I 
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11.0 

General 

BOPACE, 

NMAX1 

NMAX2 

NMAX3 

NMAX4 

NMAX5 

NMAX6 

NMAX7 ■ 

NMAX8A * 

NMAX8B = 

NMAX8C * 

NMAX9 : 
NMAX10 = 

NMAX11 < 

NMAX12 : 


DO 6000 2143 ORIG. 4/7* 


SIZE LIMITATIONS 

Limitations - The following program variables have been used in 
to specify several maximum size limitations. 

5 = maximum number of isotropic materials 
= maximum number of anisotropic materials 
1500 = maximum number of nodes 
500 = maximum number of elements 
5000 = maximum node I.D. number 
2000 = maximum element I.D. number 

20 = maximum number of points in an elastic 

modulus, Poisson's ratio or thermal strain curve 
6 = maximum number of temperatures (hardening curves) 
per plastic material 

30 = maximum number of points per isotropic stress 
hardening curve 

20 = maximum number of points per kinematic stress 
hardening shape curve 

30 = maximum number of points per kinematic stress 
hardening factor curve 

10 = maximum number of points in a creep shape curve 
6 = maximum number of temperatures (hardening curves) 
per creep material 

10 = maximum number of points per creep hardening 
(strain factor vs. stress) curve 
1000 = maximum number of special coordinate systems 
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General Limitations 

NMAX13 = 2 - number of concentrated mechanical load sets 

= number of distributed mechanical load sets 
MAXINT ~ 1000 = maximum total number of reference points 
(including integration points) per element 
MAXIG = 100 = maximum number of general user-defined reference 

points per element 

Data Items - Each G0PACE input data variable is allowed a maximum of 9 
digits (including signs, exponents and decimal points). 

Wavefront - For the B0PACE linear equations solution, the maximum allowable 
wavefront (active decomposition nodes) depends somewhat upon other storage 
requirements . These requirements are defined by the number of nodal freedoms 
in the problem, the MFC relations, and whether or not a geometrically non- 
linear solution has been requested. The maximum allowable wavefront is approx- 
imately 500 nodes. This number may be increased if the problem contains 
less than the maximum 4500 freedoms, but the allowable wavefront is decreased 
by MPC relations or by the specification of geometric nonlinearity. 

(Geometric nonlinearity requires the storage of an extra vector of nodal 
displacements, at certain points in the program logic). 
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12.0 SUBROUTINES 

This section lists each subroutine in the BOPACE program, along with a brief 
description of its purpose and the subroutines which it calls. 

MAIN - Main Calling Program. 

Subroutines - BIGSC, BIGSCK, BIGSRS, COND, COVER, DECOMP, DUMMY, ELLOOP, 
ERCOMP , ETIME, EXIT, GFORHS, HEAD, INDAT, LOADS, MERGE, MRTAPE, OUTDAT, 
OUTEL, OUTPQ, RCARD , SOLN. 

BLDATA (BLOCK DATA) - Block data routine to define basic program variables 
and sizes. 

ATRIA - Calculates area of a triangle. 

Subroutines - HEADMG 

BIGSC - Control program for reading user data after it has been checked for 
order and gross errors, data generation statements have been executed and 
data has been transformed to standard form. 

Subroutines - MATERL, RCURVE, READO, READ8, SKIP, STRUCT, TITLE. 

BIGSCK - Writes checkpoint (restart) file. 

Subroutines - ETIME, INDAT, OUTDAT, SRTAPE. 

BIGSRS - Reads restart (checkpoint) file. 

Subroutines - ETIME, INDAT, OUTDAT, SRTAPE. 

COND - Tests problem condition code for bypassing MERGE, DECOMP and SOLN 
routines . 
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C05HAP - Generates isoparametric shape functions and their parti als, for 
corner nodes of region. 

COVER - Prints BOPACE output cover page. 

CSYS - Calculates coordinate transformations at each node. 

Subroutines - CSYS2, HEADNG. 

CSYSA - Calculates coordinate transformations at each node (same as CSYS). 
Subroutines - CSYS2A, HEADNG. 

CSYS! - Calculates basic coordinates of definition points for all special 
Cartesian systems. 

Subroutines - HEADNG. 

CSYS2 - Calculates coordinate transformations via vector cross products. 

CSYS2A - Calculates coordinate transformation? via vector cross products 
(same as CSYS2). 

DECOMP - Matrix Gauss decomposition routine via modified wavefront method, 
with out-of-core capability. 

Subroutines - ETIME, EXIT, HEADNG, INDAT, OUTDAT. 

DFORM - Forms stress-strain constitutive matrix for elastic or elastic- 
plastic material (engineering strain definition). 

Subroutines - ZVAL. 

DLFORM - Computes equivalent concentrated nodal loads from distributed load 
sets. 
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Subroutines - DLOAD, INDAT, OUTDAT, ROTQ. 

DLOAD - Computes equivalent concentrated nodal loads from distributed load 
intensities, for a particular element region. 

Subroutines - COSHAP, CSYS2 , EDSHAP, GAUS1 . 

DUMMY - Dummy decomposition routine to calculate wavefront at each node. 
Subroutines - EXIT, HEADNG, INDAT. 

DYVAL - Linear interpolation routine for incremental ordinate. 

EDSHAP - Generates isoparametric shape functions and their parti als, for 
interior nodes on one edge of a region. 

ELLOOP - Calling routine to compute strains, stresses and force contributions 
at an element reference point. 

Subroutines - ETIME, FORCE, INDAT, ITER, OUTDAT, STRAIN. 

ERCOMP - Computes residual (unbalanced) forces and corresponding residual 
norm. 

Subroutines - HEADNG. 

ETIME - Machine-dependent routine called to compute elapsed CPU time since 
beginning of BOPACE execution, and clock time. 

Subroutines - HEADNG. 

EXIT - Routine called to indicate end of problem oT end of job, and to 
print problem error summary. 

FORCE - Computes cumulative nodal forces for an element from stresses, and 
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adds them to system forces. 

Subroutines - ROTQ. 

GAUS1 - Sets region integration points for product Gauss formulas. 

GBRICK - Computes shape functions, derivatives of shape functions and re- 
ference point transformations and locations for the BOPACE elements. 
Subroutines - COSHAP, EDSHAP, HEADNG, OUTDAT. 

GENER8 - Forms stiffness matrix for an element, in user nodal coordinates. 
Subroutines - INDAT, KBRICK, KQRING, KQUAD, ROTK, ROTQ. 

GENR8 - Generation/partitioning routine for element stiffness matrices, to 
create system stiffness partitions including MPC effects. 

Subroutines - ETIME, GENER8, HEADNG. 

GETDAT - Reads BOPACE standard form data as directed by the various data 
input routines. 

GFORM - Calling program to compute shape functions and partials, and reference 
points for all elements. Also initializes reference-point data, 

Subroutines - CSYS, GBRICK, INDAT, ISET, ZVAL. 

GFORMS - Allocates core space for data input or output by the calling routines 
DLFORM and GFORM. 

Subroutines - DLFORM, ETIME, EXIT, GFORM, HEADNG. 

HEAD - Writes heading for a load increment. 

Subroutines - HEADNG. 
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HEADNG - Counts lines and pages, and writes headings for various printed data. 

IN DAT - Routine for unformatted list read. 

ISET - Sets element reference points (locations and weights). 

Subroutines - EXIT, GAUS1 , HEADNG, ISET1 . 

ISET1 - Sets special user-requested element reference points. 

ITER - Major iteration routine to separate elastic-plastic-creep strains, 
and to compute unknown stress and strain components, at a material reference 
point (uses tensorial strain components). 

Subroutines - DYVAL, YVAL, ZVAL. 

ITER1 - Routine called by ITER to compute improved estimate for plastic 
strain, using linear intersection calculation. 

KBRICK - Generates stiffness matrix for brick element. 

Subroutines - DFORM, INDAT, YVAL. 

KQRING - Generates stiffness matrix for axisymmetric solid ring element 
(quadrilateral shape). 

KQUAD - Generates stiffness matrix for membrane quadrilateral element. 
Subroutines - DFORM, INDAT, YVAL. 

LOADS - Calculates equivalent concentrated nodal loads due to inertia loads. 
Also initializes element reference-point data and computes thermal strains. 
Subroutines - ETIME, INDAT, OUTDAT, ROTQ, YVAL. 

MATERL - Calling routine to read material data. 

Subroutines - GETDAT, HEADNG, SKIP, READA, READTC, READTP. 
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MERGE - Calling routine to generate element stiffness partitions and merge 
them into system matrix. 

Subroutines - ETIME, EXIT, GENR8, HEADNG, MERSOR. 

MERSOR - Merges element stiffness partitions into system matrix. 
Subroutines - ETIME, EXIT, HEADNG, INDAT, OUTDAT. 

MRTAPE - Merges two stiffness files into a single total file. 

Subroutines - EXIT, HEADNG, INDAT, OUTDAT. 


OUTCCS - Writes cumulative creep strains. 

O UTCES - Writes cumulative elastic strains. 

OUTCPS - Writes cumulative plastic strains. 

OUTCS - Writes cumulative stresses. 

OUTCTS - Writes cumulative total strains. 

OUTDAT - Routine for unformatted list write, 

OUTEL - Calling routine to collect all output data for an element. 
Subroutines - COND, ETIME, EXIT, HEADNG, INDAT, OUTCCS, OUTCES, OUTCPS, 
OUTCS, OUTCTS, OUTEPC, OUTICS, OUTIES, OUTIPS, OUTIS, OUTTHE, SET. 
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OUTEPC - Writes cumulative effective plastic and creep quantities. 

0UTIC5 - Writes incremental creep strains. 

OUTIES - Writes incremental elastic strains. 

QUTIPS - Writes incremental plastic strains. 

OUTIS - Writes incremental stresses. 

OUTPQ - Writes cumulative internal forces and displacements. 

Subroutines - COND, ETIME, HEADNG, SET. 

QUTTHE - Writes cumulative thermal strains. 

RCURVE - Calling routine to read load sets. 

Subroutines - EXIT, HEADNG, INDAT, OUTDAT, READ3, READ4, READS, READ6, READ10. 

READA - Reads anisotropic material property data. 

Subroutines - GETDAT, HEADNG. 

READC - Reads special Cartesian coordinate systems. 

Subroutines - GETDAT, HEADNG. 

READEC - Reads element connection definitions. 

Subroutines - ATRIA, GETDAT, HEADNG, OUTDAT, VQRING, VTET. 

READEP - Reads element property and reference-point data. 

Subroutines - GETDAT, HEADNG. 

READND - Reads node definitions. 

Subroutines - CSYS1 , GETDAT, HEADNG, 
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READTC - Reads creep data. 

Subroutines - GETDAT, HEADNG , YVAL. 

READTM - Reads isotropic material elastic and thermal strain data. 
Subroutines - GETDAT, HEADNG. 

READTP - Reads isotropic material plastic data. 

Subroutine.'. - GETDAT, HEADNG. 

READO - Reads data to define basic problem type and incremental /iteration 
control variables, on overall problem level. 

Subroutines - GETDAT, HEADNG, SKIP. 

READ2 - Reads SPC definitions. 

Subroutines - GETDAT, HEADNG. 

READ 3 - Reads concentrated load data. 

Subroutines - GETDAT, HEADNG. 

READ4 - Reads distributed load data. 

Subroutines - EXIT, GETDAT, HEADNG,' INDAT, SKIP. 

READS - Reads nodal temperature data. 

Subroutines - GETDAT, HEADNG, SKIP. 

READ6 - Reads inertia data. 

Subroutines - CSYSA, GETDAT, HEADNG, ROTQ, SKIP. 

READ? - Reads MPC definitions. 

Subroutines - GETDAT, HEADNG. 
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READ8 - Reads control and parameter data, on incremental level. 
Subroutines - GETDAT, HEADNG. 

READ! 0 - Reads element normal loads data. 


ROTK - Transforms element stiffness matrix from basic Cartesian to user 
nodal coordinates. 

Subroutines - ROTKK 

ROTKK - Transforms element stiffness partition from basic Cartesian to 
user nodal coordinates. 

ROTS. - Transforms nodal forces or displacements for an element, between 
basic Cartesian and user nodal systems. 

SET - Transform a set definition into internal node or element numbers. 
Subroutines - HEADNG, 

SKIP - Skips to the next logical record of standard BOPACE input data. 
Subroutines - GETDAT, HEADNG. 

SOLN - Matrix forward-backward substitution routine for Gauss wavefront 
solution. 

Subroutines - ETIME, EXIT, HEADNG, INDAT 


SRTAPE - Routine for I/O processing of system stiffness matrix (merge or 
decomposition matrix). 
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Subroutines - EXIT, HEADNG, INOAT, OUTDAT. 

STRAIN - Compute element reference-point strains from nodal displacements 
Subroutines - ROTQ. 

STRUCT - Calling routine to read structural data. 

Subroutines - EXIT, HEADNG, I NDAT, OUTDAT, READC , READEC, READEP, READND, 
READ2, READ7 . 

TITLE - Reads title card for constant structure, variable structure, or 
increment. 

Subroutines - GETDAT, HEADNG. 

VQRING - Computes volume of a quadrilateral solid ring element. 

VTET - Computes volume of a tetrahedron. 

Subroutines - HEADNG, 

YVAL - Linear interpolation routine. 

ZVAL - Linear table interpolation routine. 
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13.0 LABELED COMMON BLOCKS 

This section lists each labeled common block used in the BOPACE program, 
along with its description and the subroutines in which it occurs. 

BP ARAM - Contains variables to define basic problem type. 

Subroutines - MAIN, BIGSCK, BIGSRS, FORCE, GENER8, KBRICK, KQRING, KQUAD , 

LOADS, READO, STRAIN. 

CNTRL1 - Basic solution control variables for incrementation and iteration, 
on overall problem level. 

Subroutines - MAIN, BIGSC, BIGSCK, BIGSRS, COND, DFORM, GBRICK, GFORM, 

HEADNG, OUTEL, OUTPQ, READC , READEC, READND , READO, READ3 , READ5 , READS, 

READ8 , READ10, SET, STRUCT, TITLE. 

ELDATO - Logical units where element and reference-point data are stored. 
Subroutines - MAIN, BLDATA, BIGSCK, BIGSRS, ELLOOP, GBRICK , GENER8, GFORM, 
GFORMS, ITER, KBRICK, KQRING, KQUAD, LOADS, OUTEL, READEC, READ10, STRUCT. 

ELDAT1 - Element data for the current element being processed. 

Subroutines - BIGSCK, BIGSRS, DFORM, ELLOOP, FORCE, GBRICK, GENER8 , GFORM, 

I SET. ITER, KBRICK, KQRING, KQUAD, LOADS, OUTEL, OUTCES, OUTCCS, OUTCPS, OUTCS, 
OUTCTS , OUTEPC , OUTICS, DUTIES, OUTIPS, OUTIS, OUTTHE, READEC, READ10, STRAIN. 

ELDAT2 - Data for the current element reference point being processed. 
Subroutines - BIGSCK, BIGSRS, DFORM, ELLOOP, FORCE, GBRICK, GFORM, ITER, 

KBRICK, KQRING, KQUAD, LOADS, OUTEL, STRAIN. 

ERRORS - Diagnostic warning and error message counters. 
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Subroutines - MAIN, BIGSCK, BIGSRS, CONO, CSYS, CSYSA, CSYS1 , DECOMP, EXIT, 
GBRICK, MATERL, RCARD, READA, READC, READEC, READEP, READND , READTC , READTM , 
READTP, READO, READ2 , READ3, READ5 , READ6 , READ7 , READ8 , READIO, SET, SKIP. 
TITLE, VTET. 

FLAGS - Logical variables indicating whether material tables and the various 
load types are not defined, defined or redefined. 

Subroutines - MAIN, BIGSCK, BIGSRS, LOADS, MATERL, RCURVE, READO, READ3 , 
READS, READS, READIO, STRUCT. 

GDATA1 - Integer variables defining properties of the current and the next 
data record to be read by GETDAT. 

Subroutines - MAIN, BLDATA, BIGSC, GETDAT, MATERL, READA, READC, READEC, 
READEP, READND, READTC, READTM, READTP, READO, READ2 , READ 3 , READS, READ6 , 
READ7 , READ8, READIO, SKIP, TITLE, VTET. 

GDATA2 - Contains the current and the next data record to be read by GETDAT. 
Subroutines - BLDATA, GETDAT, READO. 

GENC2 - Creep dava read by READTC. 

Subroutines - BIGSCK, BIGSRS, ITER, MATERL, READO. 

GENPO - Plasticity hardening type codes. 

Subroutines - BIGSCK, BIGSRS, ITER, MATERL, READC. 

GENP7 - Number of points in isotropic hardening curve. 

Subroutines - BIGSCK, BIGSRS, GFORM, ITER, MATERL, READO. 

GENP8 - Number of points in kinematic hardening shape curves. 
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Subroutines - BIGSCK, BIGSRS, ITER , MATERL, READO. 

GENP9 - Number of points in kinematic hardening factor curves. 
Subroutines - BIGSCK, BIGSRS, ITER, MATERL, READO. 

GENP10 - Number of temperatures (plastic hardening curves). 
Subroutines - BIGSCK, BIGSRS, GFORM, ITER, MATERL, READO. 

GENP11 - Isotropic hardening curve abscissas. 

Subroutines - BIGSCK, BIGSRS, GFORM, ITER, MATERL, READO. 

GENP12 • kinematic hardening shape curve abscissas. 

Subroutines - BIGSCK, BIGSRS, ITER, MATERL, READO. 

GENP1 3 - Kinematic hardening factor curve abscissas. 
Subroutines - BIGSCK, BIGSRS, ITER, MATERL, READO. 

GENP14 - Plastic hardening curve ordinates (temperatures). 
Subroutines - BIGSCK, BIGSRS, GFORM, ITER, MATERL, READO. 

GENP15 - Isotropic hardening tables. 

Subroutines - BIGSCK, BIGSRS, GFORM, ITER, MATERL, READO. 

GENP16 - Kinematic hardening shape tables. 

Subroutines - BIGSCK, BIGSRS, ITER, MATERL, READO. 

GENP17 - Kinematic hardening factor tables. 

Subroutines - BIGSCK, BIGSRS, ITER, MATERL, READO. 

GEN1 - Stiffness matrix elastic/plastic code. 

Subroutines - MAIN, BIGSCK, BIGSRS. 
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GEN6 - Material identification numbers and mass densities. 

Subroutines - BIGSCK, BIGSRS, LOADS, MATERL, READA, READEC, READTM, READO. 

GEN7 - Elastic modulus and Poisson's ratio data. 

Subroutines - BIGSCK, BIGSRS, ITER, KBRICK, KQRING, KQUAD , MATERL, READO. 

GEN8 - Thermal strain data. 

Subroutines - BIGSCK, BIGSRS, LOADS, MATERL, READO. 

GENII - Anisotropic thermal strain data. 

Subroutines - BIGSCK, BIGSRS, LOADS, MATERL, READO. 

GEN12 - Anisotropic elasticity data. 

Subroutines - BIGSCK, BIGSRS, ITER, KBRICK, KQRING, KQUAD, MATERL, READO. 

I LOADS - Axes of translation and rotation data. 

Subroutines - BIGSCK, BIGSRS, LOADS, READ6. 

IMAGE - Contains next card image to be read by RCARD. 

Subroutines - RCARD. 

INCRS - Basic solution control variables for incrementation and iteration, 
on increment level. 

Subroutines - MAIN, BIGSCK, BIGSRS, ELLOOP, LOADS, OUTEL, OUTPQ, READ8 . 

IOUNIT - File unit numbers for input, output, structural definitions and loads. 
Subroutines - MAIN, BLDATA, BIGSCK, BIGSRS, COVER, CSYS, CSYSA, CSYS1 , 

DECOMP, DUMMY, ETIME, EXIT, GBRICK, GENR8, GETDAT, GFORM, GFORMS, HEADNG , 

I SET, MATERL, MERGE, MERSOR, MRTAPE, OUTEL, OUTCES, OUTCCS, OUTCPS, OUTCS, 

IP ARM - Plasticity parameters for iterative calculations. 

Subroutines - ITER, ITER1. 
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OUTCTS t OUTEPC , GUTICS, DUTIES, OUTIPS, OUTIS, OUTPQ, OUTTHE, RCARD, 

RCURVE, READEC, READEP, READND, READO, READ8, READ! 0 , SET, SKIP, SOLN, 

SRTAPE, STRUCT, TITLE, 

JLB - Large area of core used for scratch purposes by many BOPACE subroutines. 
Subroutines - MAIN, BIGSCK, BIGSRS, DECOMP, DUMMY, GFORMS, MATERL, MERGE, 
MRTAPE, OUTEL, RCURVE, READO, SET, SOLN, SRTAPE, STRUCT. 

ULBI - Files containing the current stiffness matrices. 

Subroutines - MAIN, BLDATA, BIGSCK, BIGSRS, READO, STRUCT. 

NELNOY - Number of nodes and reference points per element. 

Subroutines - BLDATA, BIGSCK, BIGSRS, ELLOOP, GBRICK, GENER8, GFORM , 

KBRICK, KQRING, KQUAD , LOADS, OUTEL, OUTCES, OUTCCS, OUTCPS, OUTCS, OUTCTS, 
OUTEPC, OUTICS, OUTIES , OUTIPS, OUTIS, OUTTHE, READEC, READIO. 

SIZES - Fixed upper limits for BOPACE, set by BLDATA (BLOCK DATA) routine. 
Subroutines - MAIN, BLDATA, BIGSCK, BIGSRS, GBRICK, GFORM, GFORMS, ISET, 
MATERL, OUTEL, OUTPQ, RCURVE, READEC, READEP, READND, READIO, STRUCT. 

SIZESA - Variable sizes, set for particular problem. 

Subroutines - MAIN, BIGSCK, BIGSRS, CSYS1 , ELLOOP, FORCE, GBRICK, GENER8, 
GFORM, GFORMS, KBRICK, KQRING, KQUAD, LOADS, OUTEL, RCURVE, READEC, READND, 
READO, READ2 , READ 3 , READ5 , READ6 , READ7 , READIO, ROTK, ROTQ, STRAIN, STRUCT. 
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14.0 OVERLAY 

The overlay of BOPACE was designed to minimize loading of segments and to 
maximize the size of common JLB, for a given core size. A schematic of the 
overlay is shown in Figure 14.0-1. 



14-1 


DO 6000 2 145 ORIG. 4/71 


-n 


MAIN 

EXIT 

OUTDAT 

BLDATA 

HEADING 

ROTQ I 

COND 

IMAGE 

YVAL 

ETIME 

1NDAT 

ZVAL 


( ^ P 
^ <0 


OUTEL 

OUTPQ 


OUTCS 

OUTCCS 

OUTCES 

OUTCPS 

OUTCTS 

OUTEPC 

OUTICS 

OUTIES 

OUTIPS 

OUTIS 

OUTTHE 


COSHAP 

CSYS2 

EDSHAP 

GAUS1 

GFORMS 


DUMMY i 


ERCOMP 

SOLN 


QIGSCK 

BiGSRS 

SRTAPE 


DECOMP 


RCARD 


MERGE 


MRTAPEl 


COVER 


BIGSC 

GETDAT 

SKIP 


DLFORM 

DLOAD 


GFORM 


KBRtCK | 


GBRICK 


□FORM 

GENER8 

GENR8 

ROTK 

ROTKK 


MERSOR 






KQUAO 


DYVAL 

ELLOOP 

FORCE 

ITER 

ITER1 

STRAIN 


KQRING 


READO 


RCURVE I 


STRUCT 


MATER L 


TITLE 

READS 


CSYS2A 

READS 


IrEAD 3| IREAD4 READS READ10 READA READTC READTM READTPl 


READC I READEP READ2 


READ7 CSYS1 j ATRfA 

b READND] READEC 

1 VQRING 

VTET 
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15.0 FILE USAGE 

BOPACE uses Fortran I/O to access a number of files. A current list of 
files by file name follows: 

Initial 


File 

Value 

Fixed 

Description 

Defined by 

UIN 

5 

Yes 

input card file. 

BLDATA 

UOUT 

6 

yes 

output printer file. 

BLDATA 

UNODAL 

18 

yes 

total nodal displacements and 
internal nodal forces. 

BLDATA 

USCR1 

19 

no 

scratch. 

BLDATA 

USCR2 

20 

yes 

displacement coordinate system 
number, nodal coordinates 
and coordinate system 
definitions . 

BLDATA 

UCMASS 

21 

yes 

concentrated nodal mass set. 

BLDATA 

UNTEMP 

22 

yes 

nodal temperature set. 


UPREF 

23 

yes 

concentrated load sets. 

BLDATA 

UKFMPC 

24 

yes 

constraints . 

BLDATA 

TRANSF 

25 

yes 

input data in standard form. 

BLDATA 

TRANS B 

26 

yes 

distributed load sets. 

BLDATA 

UNOD 

27 

yes 

node numbers and external - 
internal tables for node and 
element numbers. 

BLDATA 

IEDAT 

1 

no 

element data. 

BLDATA 

I ED IN 

2 

no 

current reference point data. 

BLDATA 

I ED OUT 

3 

no 

updated reference point data 

BLDATA 

UDCMPC 

12 

yes 

decomposed stiffness matrix for 

BLDATA 


constant structure 
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Initial 


File , 

Value 

Fixed 

Description 

Defined by 

UDCMPB 

13 

yes 

constant structure stiffness 
matrix after it has been 
reduced to the boundary nodes. 

BLDATA 

UDCMPV 

14 

no 

decomposed elastic stiffness 

matrix for the variable 
structure. 

BLDATA 

UMATX3 

16 

no 

scratch 

BLDATA 

UDCMPP 

17 

no 

decomposed total stiffness 
matrix for the variable 
structure. 

BLDATA 

UMATX1 

11 

no 

scratch . 

MAIN 

UMATX2 

15 

no 

scratch. 

MAIN 

UOUTRS 

29 

no 

checkpoint file. 

READO 
or user 

UINRS 

28 

no 

restart file. 

READO 


or user 
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16.0 SAIL AUTOMATIC DATA GENERATION 

The BOPACE data generation capability is patterned after the highly successful 
BCS SAIL II Language [21] for generating NASTRAN Bulk Data. For BOPACE, the 
SAIL II Language consists of the standard BOPACE statements, plus SAIL state- 
ments and FORTRAN statements. The deck order of the standard BOPACE data 
cards is the same for SAIL as was previously described for BOPACE. The SAIL 
statements and the FORTRAN statements can be inserted as needed in the deck. 

16.1 STANDARD BOPACE STATEMENTS 

SAIL allows an equal sign (=) to follow the name tag on a BOPACE data card. 

The equal sign tells SAIL that the fields of the card can contain constants, 
variables or expressions to define the data. If there is no equal sign, 
all fields of the card are assumed to contain constants. If there is an 
equal sign, SAIL requires all field delimiters to be commas (with optional 
adjacent blanks), and SAIL does not allow intermediate null fields (two 
successive commas with optional blanks). 

The equal sign may be placed in all BOPACE data cards except TITLE, CTITLE, 
VTITLE, ITITLE, SET and CONTINUE. 

16.2 SAIL STATEMENTS 

Looping - SAIL LOOP statements provide an extended form of the FORTRAN DO 
statements. They allow BOPACE, SAIL and FORTRAN statements to be executed 
more than once. The form of the cards is 
START LOOP = rtj kj l 

END LOOP = n 
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where 

n Is the loop identification number. It must be a constant * 

not used as an ID in any other LOOP statement or as a 
statement label on any FORTRAN statement. 

i is a loop parameter. 

j is the initial value of i in the looping process. 

k is the final value of i in the looping process. 

I is the increment to be added to i as the loop progresses. 

If l is omitted, 1 is assumed; j, k. arid i can be expressions. 

START LOOP must be the first statement and END LOOP the last statement in the 
group of statements to be executed more than once.^ 

Subdividing Large Decks - For large input data decks to SAIL, the amount of 
FORTRAN code generated by SAIL can be large enough to cause some compilers 
difficulty. The user can break up the FORTRAN code into subroutines by using 
the BREAKPOINT card. An additional subroutine is generated for each 
BREAKPOINT card. Variables defined before a breakpoint cannot be referenced 
after a breakpoint unless the variables are redefined. A BREAKPOINT cannot 

t Certain cards should never be executed more than once. Such cards are the 
B0PACE standard statements without an equal sign, and BOPACE standard 
statements which have an equal sign but which contain only constant fields. 
The user is cautioned to avoid using LOOP, DO, IF, GO TO, etc., operations 
placed in such a manner that these cards are passed by more than once in 
the SAIL program logic. 
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occur within a loop. The form of the card is 
BREAKPOINT = 

SAIL System Parameters - The SYSTEM statement allows the user to adjust two 

of the storage arrays in SAIL. The form of the card is 

SYSTEM = a , b, a 

where a is not used (=0) 

b is length of one input/output buffer array (constant) 

c is length of the catalog array (constant) 

Each BOPACE card generated by SAIL needs 3 words of storage in the catalog 
array. The buffer array is used to collect BOPACE data cards, and whenever 

the buffer is full it is transferred to a disk/drum file. The defaults for 

b and o are 5000 and 21000 respectively. If the SYSTEM card is used, it 
must be the first card in the data deck. 

16.3 FORTRAN STATEMENTS 


If FORTRAN statements are in the BOPACE data deck, then they are assumed to 
obey FORTRAN conventions. That is, labels are in columns 1-5, column 6 is 
the continuation column, columns 73 - 80 are ignored, C in column 1 indicates 
a comment card, etc. SAIL assumes a statement is FORTRAN if the statement 
cannot be identified as a BOPACE or SAIL statement. 

Any legal FORTRAN statements, including subroutine and function statements, 
may be used. 
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16.4 SAIL EXAMPLE PROBLEM 

I 

A 2-0 rectangular mesh is shown in Figure 16.4-1, with loads and boundary 
conditions. The BOPACE data for this mesh can be automatically generated 
using SAIL, as shown below. 

Col 1 7 


TITLE 

RECTANGULAR MESH 

PROB 

2 

PRT1 

1 -1 

V r TITLE 

SAIL EXAMPLE 

MAT I 

1 

I MOD 

0 3.E7 

IP0I 

0 .3 

START 

LOOP -6, R, 1 , 7 

START 

LOOP = 4, S, 1 , 5 


ID = 22 + (R-l) *5+S 
X = 11.37 + (S-l) * 3.27 
Y = 5.19 + (R-l) * 4.23 
NODE = ID, X, Y 
END LOOP = 4 
END LOOP = 6 


PQUAD 


10, 1. 


RQUAD 


10 



IE 

= -5 


START 


LOOP = 

20, I, 23, 27 


IE 

= IE + 

5 

START 


LOOP = 

10, ZZ, 1, 6 
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Col l 7 

QUAD ---• I + IE, 1 , 10, 10, I + IE, I + IE + 1 
CONT I + IE + 6, I + IE + 5 

END LOOP ■ 10 
END LOOP = 20 

DO 30 I = 1 , 2 

SPC - 23, I, 27, I, 53, I, 57, I 
30 CONTINUE 

ITITLE CENTER LINE LOAD 
LFAC 1 

P = -10./SQRT(2.) 

START LOOP = 50, I, 25, 55, 5 
CLOAD = -1, I, 1, P, I, 2, P 
END LOOP = 50 
EOF 
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B. 1 VARIABLE STRESS (DISTRIBUTED LOAD) PROBLEM 

A 1.0 x 1.0 x 1.0 cube is used, to analyze* a, problem with linear 
variation of stress and strain. The loading is a uniformly distributed 
vertical shear, applied on all four vertical sides of the cube. Midside 
nodes are used to demonstrate equivalent loading values, which are in 
the ratio of 1:4:1 for the bottom, middle and top nodes, respectively. 
The input data and results are listed at the end of this section, for an 
elastic situation. 



Figure B.1-1: Variable Stress (Distributed Load ) Problem 
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xxx xxxxxx xxwyxyxx x vx xx xxx x yxxxxYYYYXXYyyy yxxyxyxyxxxxx yyxxxxxxxxxxxxyxxxxxxxxyyx xxxxxx YxyyxyyxYxyYvxy xxx 


YXXX YYYYY YXYYX YXXX - ~ ■ - " ” ‘ “ XXYXXXX YYYVYXYXy VY 

KXXXXyxyXYYyYXXYYX Li/ TO/T 3SV319N 7'$ NOTSX^A XXXXXX XXXYXXXY XX XX 

xxx xxyxxxx xx xxxxxx , xxyxxxxxv XX XXYY x XX 

XXXXXYX VXXYYXXXYXYXYXXXXXXXXY XX YYXXVXXXX XXXXXXYXXXXXXYXXXXXYVYyYXXXXyXYXXX XX XXXV vxxx xxxxxx XXXXXX XXX YX XX 

XXXXyYXVYXXYXXVXVXXXXXXXXXXYYYXXXXXXYYXYXYXyXXy YXYX xxxxxx xxx xxxxxxxxxyy xxx xxxxxx xxxxxx xxxxx XX xxxxxx XX XX 
xxyvxvxxxxxxxxyYxxvxxxx>T(XYyxxYXvxxxYxxxxxxxxxyxvxYxyxxxxxvxxxxxxxxxyYxxxxxxxxxvxxxxxxyyvxYxxxYYyYyxYxx 

XXYXXXYXYXXXYyyvxX - * — -* — XXYXXXXXXXYyYYVXXX‘ 

* ■ XYXXXYYYYXXXYXXVXX tfWVflVlV 1HSHH "HVHSXVW XXX YXXY XXXXXX YYX XX 

XXXXXXXYXXXXXXXXXX IRIN^O iMOTld 3^VdS TTVHSWVW *D 9<lWn3Q XYWY XXXYXXXX VX X XX 

XXXXXXYXY YXXXX XXX X NOT IV V LSINIWOV 13V CUV SOT lflVMONrW XXXXXX XXXXXXYYY X XX 

xxxxYYyyxxxyxyxxyx An drusvnsMrMs hum yxyyxvxxvxxyxvxxxx 

XXXXXYYXXXXXXXXXXX XYXXYXYXXXXyXXXYXY 

XXXXYyYyXYYYYXXXXX XXyXVXXXVYVYXXXVXX 

XXXXXXXYXXXXXXXXXX MOIOW THSVM XXXXXXyXYXVXXYYXXX 

XXXXXXXXVXXVXXXXXX A^XdWm ONnO*» 9H1 xxxxxxxxxxxxxxxx^x 

XXXXXXXXXXXXXXXXXX ' — AS OOdn’TOAOO “-XXXYXXXXXXXVVXXXXX 

XVXXXXXXXXXyYXXXYX ' XXVXXXXXXXYVXVXyXX 
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xxxyx yxyx yxxxxxx xxvxxy yyyxyv yv vx Yxyv xxx vxxxxyyyyyxxyvxxxvxxxxxxxYvx xxx xvx xx xxxxxx xxyxxyxYxy xx xxyyxv xx 

— xxxvxxyxxxxxxyYXVYyxyyxxyyYxyyyxxxxxxxxxyxxxxxyxxxyxxxxxyxxyxxxxxYyyyxxxxYyxYXXYXYxxyyvYyxxxyvyxyyy 

XXXyxXXXXXXXXXXXXXXyxxXXXXXXXXXXXXXXVXXXXXXXXXXXXXXYXXXXXYXXXXXXXXXXXXXXXXXYXXXXXXXXXXYXXXXXXyXXX 

XXXXXXXXXXXXXXXXXX YXXX XXXXXXYXYXXXYXXXXXXXXXy VXXXXXXXXXXXXKXXXXXXXVXXX XX xxxx xxxxxx YXXXXXXVXXXXX 
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title BOPACE VAftlABLESYKB^ t DI StRI BUTEO SHEAR LOAD! PROBLEM 

NUMBER OF DEGREES OF FREEDOM PER NODE ^ 3 

BOPACE Witt ASSUME ONLY MATERIAL NON-L 1NEAR1TY TO SOLVE THE PROBLEM 


MA X I H UM 'S'P'E'C TFTTD~b’RR{TR RTJfTK - = TTO mUZ£=U3 

SOLUTION METHOD CODE = 4 

MAXIMUM MO. STIFFNESS UPDATES PER INCREMENT = 
“RAXTMTJFTNTIKBE'ft "OF "TTER AT TON STUFF 0“K E"UPTTAT E~ ONE - 


“ — T XT 
- 10 
10 


MAXIMUM NUMBER OF ITERATIONS BE PURE UPDATE TWO 
MAXIMUM NUMBER OF ITERATIONS BEFORE UPDATE THREE AND UP = 

"Km M U M~ ET“A'STrC“I TER AT rOftS~FFR”T MCRFM E NT~= 2 

MAXIMUM MAGNITUDE FOR ELASTIC ^PLASTIC SUM CODE = 2 

MAXIMUM REDUCTIONS " 1 

“TONV E RGH ^CE~ R STKICTTO rj-FACTOR - - — STOO 0 □CT-Cl 

FRACTION FROM END OF ItlCElEMfcNT TO EVALUATE SLOPE = 1.00000t"01 


i 


K *■ 

■’ ^ o* 


J 







TITLE SOP ACE VARIABLE STRESS ( DISTRIBUTED SHEAR LOAD) PROBLEM 

□ VTITLE 3-0 ELEMENT WITH MIDSIDE NODES 


t“ 

™ ** NODE ** 




CODRO. 

— COOkD. 

1 

NO. 

1.0. 

XI 

X 2 

X3 

LOCATE 

displace 


1 

1000 

—5* 00 GOOD— 01 

—5 • COCO OD— 01 

5*000000-01 

1 

l 


l 

ion 

5to ooaoD - or 

-5 * 000000=01 5TOOOOOU-01 

X 

1 


3 

20 

-5.000000-01 

0.0 

5.Q000QD-01 

1 

1 


* 

30 

5 » 00 0000-0 1 

C.O 

5.000000-01 

1 

1 


h 


' -r.uaooca-crr 

rr oo uo o cr-crr 

5700000D-01 

l 

l 

- 

6 

50 

5 . OOOOOD-C 1 

5.000000-01 

5.0C030D-01 

l 

1 


7 

2000 

— 5.000000-C1 

—5 . OOOUOD-O 1 

-5.00000D-01 

1 

1 


H 

"loio — 

5^‘Doocroo'^crr 

=5tcooo 00 - 01 ^-^. 000000 -a 1 

1 

1 


v 

1020 

—5 • 000000—0 1 

0.0 

-5.000000-01 

1 

1 


10 

1030 

5.000QCD-01 

0.0 

-5.DCOOOO-01 

1 

1 


J1 

"M 

— =5- 0 0 0 0 C D -01“ 

rrccrcccD-cn 

—51 CO GOOD— 01 

1 "" 

L 

3 

12 

1050 

5* OOOOCD— 0 1 

5 . GOO0OD— 0 1 

-5 .000000-01 

1 

1 



PAGE 3 

VARIABLE STRUCTURE NUMBER ■ 1 




3 




TITLE 

VTTTLE 


6 UP A C E VARIABLE STRESS (DISTRIBUTED SHEAR LOAD) PROBLEM 
3-D ELEMENT WITH MIDSIDE NODES 


PAGE 

VARIABLE STRUCTURE NUMBER 


4 

l 


E CETTE NT -«r*rar 

NO* J.D. MATL N 1 N2 N3 N A N5 No N7 N6 

1 iOQO 1 1OJ0 10 50 40 2000 1010 1050 1040 


VOOTMt MAP 

(ST. LINE) CODE **************** INTERMEDIATE EDGE NDDE5 ***************** 
l.OOOOE 00 0 0 30 0 20 0 1030 0 1020 0 0 0 0 


SUM OF ELEMENT VOLUMES - 


l.OOOOE 00 



FWMI, 



END DECOMP 


CPU = 00:00:02. 2E9 TOD = 22:37:2* ' 


\ 


PAGE S 

VARIABLE STRUCTURE NUMBER * 1 


LOCATE DISPLACE SCHEME CODES 
l t OOOO 





TITLE 

VTITLE 

IT1TLE 


BOP ACE VARIABLE STStST (ATTRIBUTED SHEAR LOAD) PROBLEM 
3-D ELEMENT WITH MIDSIDE NODES 
UNIFORM SIDE SHEAR LOADING 


parameters for this increment 


load 

LOAD 

XGATT 


SET 

SET 


ONE 

TWO 


TJNF- 

TWG 


COEFFICIENT FOR CONCENTRATED 
COEFFICIENT FOR CONCENTRATED 

XOEF'TTL nrNT~FTJ STRTBTJTETTXGAD SET" 

COEFFICIENT FOR DISTRIBUTED LOAD SET 
COEFFICIENT FOR NODAL TEMPERATURE SET 

XOFFFTCTtENT _ F0R~NOirH AX“STR ETS7STR7 CUT STI 

TRANSLATIONAL ACCELERATION (LfcNGTH/TlMt/TlME) 
ANGULAR VELOCITY l R E VOLUT I ONS/TIME ) 
“A^GUrAR'TCCEC E FCATTOfT TSTEVDtUTTO N57TTM*E7TTMET 
CREEP TIME 


0.0 

1.0000006 


00 


xrrcr 

o*o 

0*0 

tjtct 


0.0 

G.O 


xcrir 

o.o 



PAGE 6 

VARIABLE STRUCTURE NUMBER * L 

INCREMENT NUMBER ^ i 











I 

1 


TITLE 0DPACE VARIABLE STRESS [DISTRIBUTED SHEAR LOAD) PROBLEM 

VT1TLE ■ 3-D ELEMENT WTTh MTDSIDE NODLS 
IT IT LE UNIFORM SIDE SHEAR LOADING 


TJEUTN SDUIT CPlT3TJu':ou mu" = : 37T3Z 

END SOLN CPU = 00:00:03.038 TOD = 22:37:33 

BEGIN ELLOOP CPU = 00:00:03. OM TOO = 22:37:33 

“ERD ELLOOP CPU = (JTjTO'o : 03 » 2S 6 TDir"~2^T3Tr3T 

RESIDUAL NORM - 1, 13330E-06 


PAGE 8 

VARIABLE STRUCTURE NUMBER a l 

INCREMENT NUMBER = I 


END OF LOAD INCREMENT 1 


00 


NO- ELASTIC INTEGRATION POINTS = 12* NO. PLASTIC INTEGRATION POINTS = 0 

0 INTEGRATION POINTS HAVE CHANGED ELASTIC TO PLASTIC, 0 INTEGRATION POINTS PLASTIC TD ELASTIC DURING THIS INCREMENT 

SP ECTFT LU "MAX1“N0T ~STIF FN ESS“UP DATES = rrWTTIP DATESTFERFORM ED~ U 

SPECIFIED MAX. NO. ITERATIONS PER UPDATE = 10 10 10* NO. ITERATIONS PERFORMED SINCE LAST UPDATE = 1 

SPECIFIED MAX. UNBALANCED-FORCE ERROR = 1.0QQ0E-03, ACTUAL ERROR = 1.1333E-06 


1 

— 1 BEGIN OUTPUT 


CPU = 00:00:03. 3V1 


TOD = 2.2:37:37 





=D SrtEAK LOAD) PROBLEM - 


3-0 element with midside nodes 

UNIFORM 1 SIDE SHEAR LOADING 


PAGE 

VARIABLE STRUCTURE NUMBER 
INCREMENT NUMBER 


CUMULATIVE INTERNAL FORCES AND DISPLACEMENTS 


NO* I * D • 
I 100 0 


6 50 

7 200 0 

— s-io ro- 

9 1020 
10 103 0 
TOO^r 
12 1050 


— Tf«TmT»#4'if7rv FORCE'S W 

U V 

-1.2752156E-1* -2 .08 333 37E-01 
74 S3TOTIE-IV ^Z7T7B3335TE^0r~ 
1. 3665333 1-14 1. 6666663 E-0 1 

2.75**012£-10 1.6666631 E-0 1 

■^Tr7^ar3n2'5E"D9 47Ttf»5BZ4t=G2“ 

-1 .75B7755E-Q9 <*. 166 tV 14 fc-02 

2 « 763 &748.E — Oti -2*083 33 61 £-01 
— nrOfti* S737E -CE“^rOST33 97 r- 01“ 
1.250981 5E-C0 >.66t>e>657 L-0 1 

I *034**49 3£— LJS^ i.6o66ob7E-0] 

-=TV3 B 9792 5tv=OT ‘471-6 669 \ o F-G2“ 

*2.2180721 b— 08 4. 1 So 695 5 t-t*2 


7. 6915*0 3E-15 
“171 63 6039 E^Th” 
-4,67686786-10 
—9.8 125Q99E-09 

2.37*9<t01E -08 
— 1,321 332 1 £ -07 
-6**9837976-03“ 
-2,2563*30E-0B 
—3.151 2*076—03 
“I767a3C6 5r-07“ 
5. 75032636-00 


1.3*00*276-07 
U 73 ^532^6=07" 
*.61*33576-08 
*.*39510*£-03 
~=V. 7*5 

-5* 177SO90E— 07 

0.0 

’=tT2S‘0T3t)3F=aT“ 

-5.092301*6-07 

-S.2012763E-L7 

-1.292*U8E-C6 


i 7* 99 902 E— 01 
•7500060E-01 


6.703**266-07 

~T734GS55<JE=TTr 

1.1531602E-06 

5.9l766*?E-0V 


7^99952 F=SI 2 722242 C 3E^0fT 

»D000UVE-G1 1. 796325 7E-06 

.0 0.0 

rc 070 

.75C0137E-01 1.1251723E-C6 

>75002336-01 5. 5306936E-07 

rC'OTO 2J2b=CFI — 3T17^2*m^r 

. 00003**6-01 1.5851 9*7£-06 


) 


TITLE BOP ACE VARIABLE STRESS i 01 ST R1 BUTE D SHEAR LOAD I PROBLEM 

VTITLE . 3-0 ELEMENT WITH MIOSIOE NODtS 

1TITLE UNIFORM SIDE SHEAR LOADING 


PAGE 

VARIABLE STRUCTURE NUMBER s 
INCREMENT NUMBER = 


ELEMENT POINT 


EFFECTIVE 
aJHT STRESS" 


************ 


CUMULATIVE 
IT 


STRESSES 

XY 


1 1000 13 

2 

I.COUOE 00 

4.44746-03 

l.COOOfc 00 

6.70346-07 

1 .29 54E— 07 

—2.0 XI 26— 07 

1.8959E-07 

14 

2 

l.OOCOE 00 

4.4474E-0B 

1.C0006 DO 

1.34-QvE— 07 

7.44566-08 

*l.l4SB£-07 

8.4242C-08 

1 5 

2 

1 .4037 E— 06 

-9.12928-03 

L_192lfc-C6 

2.11 13E-07 

5.82456-03 

1.7427E-07 

4.45516-07 

16 

2 

B- 8B30E-07 

—4. 1 242E— Ob - 

-7.15266-07 

-9.51371= -07 

9-43746-03 

1 -7147E-07 

—3 .8227E— 08 

17 

2 

1.00006 00 

— 1.2 BC 16— 07 

l.OCOGE 00 

6.7034E-07 

—3 .9577 1-07 

6.70056-08 

6 .b320E— 07 

IB 

2 "■ 

l.ooooe 00 

-rr.2ooiFH57 

TTocToob Ub 

1.34O9E-07 

—2 . 0203 E— 07 

1.53256-07 

3.23596—07 

19 

2 

1 . 2789 1— 06 

-4.6S32E-03 

3.3^4?E-D7 

2.11130-0? 

— 3-96 13t— 07 

-9.07236-07 

1. 2917 E— 07 

20 

2 

3 ■ C02B6— 06 

“4 .663 2£ -Ob 

1.4V01E-06 

-9.5LE7E-07 

-2.83576-07 

—9.1 0036-07 

1.1)046-06 

2 J. ' 

3 

5. GOCOE-OI 

“177 4 0 57-D9 

5 • COCO E-0 17 

~“3* 0B42E-B3" 

“"6.07 276-03 ’ 

"-7;1013E-10 

-3.OB86E-O0 "" 

22 

3 

5. OOLOE-OI 

-1 *u847E-0B 

5 , COOOE— 01 

3.08426-03 

-9.5856E-03 

—3.56986— C9 

3* 554 IE— 07 

23 

3 

l.OOCOE 00 

-4.1770E-0B 

1 . i'jOUCL 00 

4.0221EHD7 

-9.7G75E— 08 

-2.39386-08 

3 * 1.5 14E-07 

24 3 

5 . 00 C 0 F -01 

-672 9917^09 

370000 £-0)7 

3". 36 976— Ob 

~lVfll3lE-0U 

1.3720E— 10 

— B *22116—08 


ETTE’HHNT" P'OTNT" 

NO. I-D. NO. TP* 

I 1000 13 2 

T 5 2 ~ 

15 2 

16 2 

" " IT 7" 

JB 2 
14 2 

20 2 “ 

21 3 

22 3 


F* Vf"**? 1 ****** 
XX 

.447 4E-03 1 , 

r« 7 ' 2 TE^a r. 

.12426-09 1 . 

.12426-06 T. 

.28G1E-07 1 . 

.6U32E— 03 B. 

r 6 T 32 c^ 0 B T l 

.74596-0* 5. 

,08*76-33 5 * 

.TT 7 GTT-O 0 — t* 
.2*316-0* 5. 


***** '“cUMulaTTve ETA'S Me Strains ******* 

YV ZZ XY XZ 

CCGuE 00 6.7P34E-C7 U29546-Q7 -2.01126- 

cojgltoo iT 5 ^ 6 re=w ;i a b g e- 

19216-06 2* ] 1 I3E-G7 5.9245E-09 1.74276- 

152ot-07 —9*51 &7E-07 9.4374E-08 1.71476- 

tGuDt~00 b*7C34E-tT7“ = 3T^577E— 07 6.70056— 

GGOOE 00 1 . 34 09 E— 07 -2. 02 G3 6-07 1.53256- 

3447E-07 2.11136-07 -3. 96136-07 -4.07236- 

E7fc-3T' -ZVR3 57E-07^=-4.'lOO3E- 
CC00t-01 3.08A2E-0B 6.0727E-08 -7.301RE- 

C000b-01 3*08 42E— OS -9.5S56E-QB -3.5648E- 

'COOOr 00 4.02Z1E-0T~=9.'7075E-08^~2.393&E- 

OOOUE-Ol 3.3697E-08 -JL.83 31E-OQ 1. 37206- 


************** 

YZ 

07 _ 1.09596-07^ 
07 S.m242E-GB 
07 4.4551 E— 07 

07 *3.62276-08 
OB 6- 6320E-07 
07 3.23546-07 

07 l,2917b-07 

07 " 1.1104E-06" 
10 -3.08B6t-0a 
Ov 3.5541E-07 
08 ' ~3 * 1514E-07 - 
10 — Q • 22 HE— 08 


ELEMENT POINT 

NO. 1 . D. NO. TP. 

1 r 00 0 2 5““3~ 

26 3 


EFFECTIVE *******?******** ******** CUMULATIVE STRESSES ************ ************* 

CUM. STRESS XX YY ZZ XY XI YZ 

1.2271 E-U6 ^47^0376-08 770 03 5E-07 ~3‘ . 7 0 37 E - OT^ I .‘3 1 77E-TT7 1 * 17 6 tt fc— 07 4. 1 17 IE— 07“ 

5.0000E-01 -6*29816-04 5.00006-01 2.79BBE-0B -1.69956-08 -4.4122E-09 4.G673E-07 


ELEMENT POINT 

NO- I.D. NO. TP. 

— i — iodo 75 — r 

26 3 


v***************** CUMULATIVE ELASTIC STRAINS ********************* 

X YY ZZ XY XZ YZ 

037 E-7IS 770035E“(T7“3.7C!37F r G7“^ r 173r77E'-0T^l7l7SBL*07~4. ll7i6-07~ 

*UlT-Q4 5 . OUOO E-0 1 2.79LBE-0B -1.699BE-Gd -4„ 4122E-09 4J.G6736HD7 


"mTPltE PROBLEM 


1 


the: 


COMPANY 


B. 2 MULTI-ELEMENT CURVED BOUNDARY PROBLEM 

A plane-strain problem is analyzed using a 1.0 x 1.0 square, but idealized 
by four elements including curved interior boundaries,, The loading is a 
uniform distributed vertical load at the top of the structure* Because of 
the state of constant stress and strain throughout the cube, all reference 
points in all elements have equal values for stress and strain. The input 
data listing and results are included at the end of this section. 


Y 


t 



X 


1.0 X 1.0 SQUARE 

Figure B.2- /; Mul ti-E lemen t Curved Boundary Problem 


B * 2- ] 


DO aDOQ 2145 ORIG« I 


INPUT DATA 




CARO 

1 

2 

5 “ 

* 

5 

a — 

7 

8 

9 — 

10 

II 


TITLE 

CONT 


MULTI— ELEMENT 
QUAD ELEMENTS 


CURVED BOUNDARY PROBLEM 


-PROft -2 

PRT1 l>-t 
PRT2 l f “l 

-rrrttt 

MAT I 1 
I MOD 1,1 
“tPCK — 0 tt3~ 


3 t -1 


N CO E 
NCDE 


10 

20 


OtOtMt 3 2 

^♦Orrr i 2 





TITLE MULTI-ELEMENT CURVED BOUNDARY PROBLEM 

CONTINUE QUAD ELEMENTS 


1 


NUMBER OF DEGREES OF FREEDOM PER NODE = 2 




MAXIMUM SPECIFIED ERROR NORM = 1 * OOOOOE-03 

SGCUTUON M e T HCD“CCDF^- £ 

maximum no* stiffness updates PER INCREMENT - 1 

MAXIMUM NUMBER OF ITERATIONS BEFORE UPDATE ONE * JO 

MAT I M UM"NUMECRT P^~TT ERATTUf-rS^BCPaR E”tJ PDffTE~TWO s pT 

MAXIMUM NUMBER OF ITERATIONS BEFORE UPDATE THREE AND UP = 10 

MAXIMUM FLASTIC ITFRATTONS PER INCREMENT = 2 

MAX 1 MUtt-MAGNTTUDE— FOR-E C“ S-UM-C*0DE~ 2 

MAXIMUM REDUCTIONS = 1 

CONVERGENCE REDUCTION FACTOR - 5.GC000E-01 


FRACTION-FFrUM^^ENrr-OP^rNCREMENT^TO-rVACUAT^TSCCrPE—E nO POOOE=OT 



TITLE 

VTITLE 


MULTI— ELEMENT CURVED BOUNDARY PROBLEM 


n 


r 

material nd. 

TEMPERATURE 

I* MASS DENSITY = 
DEPENDENT PROPERTIES 

0.0 

: - 

TEMPERATURE 
1.00006 00 

ELASTIC MOD. 
1.0000E 00 


1 

TEMPERATURE 

0.0 

POISSONS RATIO 
3.CDOOE-C1 







3 ' 


k 


ro 


i 






TITLE: MULTI -EL EKE NT CURVED BOUNDARY PROBLEM 

VTITLE 


r 

** NODE ** 




COORD. 


NO * 

I - D. 

XI 

X2 

X3 

LOCATE 


1 

10 

CrrO 

OTO “ 

OtO 

1 

v 

2 

20 

5.000000-01 

0.0 

0.0 

l 


3 

30 

1 *000000 00 

0.0 

0.0 

1 


*r 

40 

StOO CO'OrJ= f OT“ 

0 0 00^0"!“ 

0.0 

1 


5 

50‘ 

0.0 

5.000000-01 

0.0 

1 


6 

60 

2 .500000-01 

5 .OCiOOfD-Ol 

0.0 

1 


7" 

7 0 

i .uuyugu u u s /uouu<Ju-ur^ 

”OvO “ 

1 


8 

80 

c.o 

1.000000 00 

0.0 

1 

- 

o 

90 

5.rjO0G0D-01 

1.000000 00 

0.0 

1 


10™ 

~T00 

1 . UUU > J iJlJ I * UU UUTTV ul 

OttO 

1 

5 


' 







I; 



PAGE 3 

VARIABLE STRUCTURE NUMBER - I 


COORD* 

DISPLACE 

1 

1 

1 

1 

1 

1 

1 

1 




TITLE MULTI-ELEMENT CURVED BOUNDARY PROBLEM 

VT1TLE 


PAGE 4 

VARIABLE STRUCTURE NUMBER * I 


ELEMENT ************ CORNER NODES ************ VOLUME MAP 

NO. I.B. MATL Nl N2 N3 N4 N5 N6 NT N8 < ST. LINE! CODE **************** INTERMEDIATE EDGE NODES ***************** 

t i-o 1 — —re ?o — -so « trfiT$eE”Ot — o o — 40 cr o : 

2 20 1 20 30 70 40 3.12*i0E-01 0 0 0 0 40 

3 30 l SO 60 90 00 I.Q7506— 01 0 

— 4 — 40 1 so — to — ioo — 90 3rr? soever — o 

SUM OF ELEMENT VOLUMES * l.OOOOE 00 


BEGIN GFORMS CPU * 00:00*00.768 ‘ TOO * 21*39*23 


J 



t 


H 


TITLE 

MULTI 

-ELEMENT CURVED BOUNDARY 

PROBLEM 





PAGE 

5 

i j 


VTITLE 










VARIABLE STRUCTURE NUMBER * 

1 l 

1 



ELEMENT REFERENCE 

POINT 




COORD, 

COORD. 

INTEGRATION 


! 



NO. 

I ♦ D. 

NO. 

TYPE 

XI 

X2 

X3 

LOCATE 

DISPLACE 

SCHEME CODES 


i 



r — 

“TO 

7 

2 

0.0 

0.0 

— 0.0'" ■ — “ — 

1 

1 

0 G 0 


i 





B 

2 

5.000E«-01 

0.0 

0.0 - 










9 

2 

2 .5G0E-01 

5 • CODE— Gl 

0.0 










"“TO” 

2 

0 ,0 

5 * OOTJE —OX 

■"OVO 








? 

20 

7 

2 

5 . OGOE-Ol 

0.0 

0.0 

1 

1 

0 0 0 







& 

2 

l.GOOE 00 

0.0 

0 * v 










9 


l.OCOfc DO 1 

OTO 





6- 





10 

2 

2 * 500 1— Cl 

5.000F-01 

G.O 








3 

30 

5 

2 

0.0 

5.000E-01 

0.0 

1 

1 

0 0 0 







6 

£. 

2I.D0GE-01 

5'* 000 E “tJl 

0.0 










7 

2 

5 .0005-01 

l.OOOE 00 

0.0 








** 


B 

2 

0.0 

l.OOOE 00 

0.0 








4 

~4'0 

5 

2 

2 » *01 

3 UmV 

1 

1 

~ 0 0“0 







6 

2 

l.OGOE 00 

5.000E-01 

0.0 










7 

2 

l.OOOE 00 

l.OOOE 00 

0.0 




, 






8 

2 

s^vogoe 

TvOOOE 00 

— OVO 







CO 

END 

GFORMS 


CPU = 

00:00:01.0*4 

TDD = 21 

: 39 :3 8 







ro 

i 

BEGIN 

MERGE 


CPU = 

00:00:01. 0°1 

TOD = 21 

; 39 i 3ft 















V 



r 






'C“PU^= - 

t)0 :GC : 01 • 094“ 

TOO - 2T 

: 39 : 39 







STIFFNESS Ci ENEKAT ION COMPLETED. 50 PARTITIONS WR1 7 TEN • 


3 END GENR 8 CPU = 00:00:01. 21B 

END MERSOR CPU - 00=00:01.274 


TOD - 21:39:42 

root 2 

TOD ~ 21:39:43 


END ' MERGE 
laxrMttf 
BEGIN DEtDMP 


CPU = 00:00:01.274 


CPU = 00:00:01.321 


TQD - 21:39:40 
-T-0 0 ZT r 3 9-r4 cr 
TDD = 21 :3° :42 


END DECDMP CPU = 00:00:01.394 TOD - 21:39:43 





I 



TITLE 
VT1TLE 
1 ITlTrET 


MULTI-EL EMENT CURVED BOUNDARY PROBLEM 


DISTRIBUTED LOAD SETS 


-co or d; 


“EDtTE- 


trOAT) NODE"* Efrt^E- 


-tCT AD~TTTT ENSTTY^COM PONENT S 


PAGE 7 

VARIABLE STRUCTURE NUMBER ~ 1 

I-NCREMeKT-NUMtiE R“= 1- 


SET DIM ELEMENT SYSTEM Oft FACE TYPE 
11 30 1 3 UN IF 


DR F*CE 
3 


XI 


— t 1 -irtr 

bEGIN G FORMS 


— 1 3 UPTIF" 

CPU = 00:00:01.647 


0.0 

tr 


3 or 

TOD = 21:39:55 


X2 X3 

l.OOOOE 00 0.0 

“rroo oo E' oo — oro — 


END 

GFORMS 

CPU = 00:00:01.757 

TOD ” 21:40:01 

&E'G“3N — 

LOADS 

CPU 00 ■» CO - 01 • L43 

TOD '21 :<ior03 

END 

LOADS 

CPU = 00:00:01. <»60 

TOD = 21:40:06 








TITLE 

VTITLE 

TTlTtT 


MULTIELEMENT CURVED BOUNDARY PROBLEM 


1 


r 


CUMULATIVE INTERNAL FORCES AND 0 ISPL ACEMENTS 


** NODE ** **************** FORCES + **************** 

NC. 1*0* U V W 

1 it) 3^ vircrro e-=o»*-=2ta^vvv tr2E-^ci 

2 20 A * 7?50 70 lE — Oft —4*9999964 E-01 

3 30 3.61538006-09 — 2-499998R E -G I 

<- xj-Qr 2Tt-AC^J6E=0fi^-?rn 9931-5 E-=tr7 

5 SO -3.6O0295CE-0S -] • 2C71I66E-07 

6 80 -A .0021 5£2E— 08 -3* 09 ] 0821 E-0 7 

7 7 0 4r.7TSfir624 1^08— -£T3<r?36 9 9 £-07 

.1, 00 -1 .5031032E-00 2. 49S9994E-0 1 

9 90 —5 • 9 ? 1 3 CC 9 1 —0 E A* ^9999 76 E-0 1 

VO — TOO -7~4“?6-6T>r5 E"^0 9 2T49 V9994 E=-tTT 


PAGE 9 

VARIABLE STRUCTURE NUMBER * 1 

ttic-Renetn-wuM e-tft-= — i- 


************* DISPLACEMENTS ******<******* 
U V . kt 

— oro OTO 

-1.4999998F-01 0.0 

-2.99999956-01 0.0 

^5oococAE-tn — zr*f9mttE~xn 

— 2 . 0 231 5796-07 A . 99999BQ E-0 1 
-7.50001 67 E-0 2 4 . 99999 94E-01 

--3t OOOOOOTE-OT 5-^00000 00 E-01 

—2.82123 10 E-0 7 l.COOOOQOE 00 
—I .50000 27 E-0 I l.OOOOOOOC 00 

~-3. uOGCD2SE=ar — 1~ COO OOCOE-OO 


) 


) 


TITLE 
VT7TL f 
"ITM-tE- 


HULTl-ELEMENT CURVED BOUNDARY PROBLEM 


PAGE 

VARIABLE STRUCTURE NUMBER * 
*NeRErWENT“WUMB^R—*- 


NO. I.D. NG. TP. 

1 10 12 
a — 2- 

9 2 

10 2 


CUM. STRESS XX YY 22 

l.GOGOE f>0 -1.3100F-07 1 .OGCOC 00 0.0 

— tvtrOooE-oo -6r55O0E*tta — rrcooor-^o OTQ — 

l.OOOOE 00 1.3100E-07 l.OOOOE 00 0.0 

l.OOOOE 00 0.0 l.COCOE 00 0.0 


XY XZ 

— 1* i 1 563E— 07 O.U 
-^--7yt? t -s3E ~ og — oro— 
-1 . ?B95 E— 07 0.0 

-6.392BE-0H 0.0 


ELEMENT PCINT 

tfGr 

1 „ 10 7 2 

e 2 


********************* CUMULATIVE ELASTIC STRAINS 

X X TY tt XY 

— 3.000QE-01 l.OOOOE 00 -3.000QE-01 -2.0232E-07 
—3 * OOOOE— 0 1 t.ODOCE 00 -3.00006-05 -9.116CE-08 

-^3tOOO C F=OT 17 CO CCTE 00 '^3“.OOCniE^OT“lTETrO^E‘-^)7— ’ 

-3.0000E-01 1.UOOOF DO -3.00006-01 -6.3106E-08 


************* ******** 

X-Z YZ 

0.0 0.0 

0.0 0.0 


ELEMENT POINT 

NO. I -D. - NO. TP. 


EFFECTIVE 


************************ CUMULATIVE STRESSES 


CUM. STRESS XX YY ZZ 

■ IrOOaOe— OO =6755008^0 S tTOOOCt-OO OtO 

l.OOOOE 00 0.0 l.COOOE CO 0.0 

l.OOOOE 00 6.55G0E-06 l.OOCCE CO 0.0 

— -tvooo o e-otr tv3 to or -cn — tto o ooe— oo — ore — 


XY XZ 

^-TrOt23C=OB 070 — 

-9.16*«E-0B O.C 
-6.1133E-0B 0.0 

-^2700B7t'--OT 070— 


— etrFME'trT Ptr!nT“ 

NO. I.D. NO. TP. 

2 20 7 2 

1 2 - 

9 2 

10 2 


XX YY ZZ 

-3.0000E-01 l.OOOOE DO -3.0000E-G1 

-3.0000E-01 l.OOOOE GO -3.00GGE-01 
—3 . 000 QE -0 1 l.OOCCE 00 -3.00G0E-01 


XY XZ YZ 

“9.1 l 60 E— OB 0.0 0.0 

OvO OrO 

-7 *9 97 3E HD 8 0.0 0.0 

-2-.6U3E-07 0.0 0.0 


ELEMENT 


point 


EFFECTIVE 
— STRESS — 
l.OOOOE 00 
l.OCGOE 00 
— rroooor-ntr 
l.OOOOE oo 


******** **************** CUMULATIVE STRESSES ************************* 


— XX 

1 .3 100E-07 
1.31 OOE-07 


l.OOCCE 00 0.0 

1 .OCCOfc 00 0.0 

"TTOGOcre^oc — erven 

l.OCCGE 00 0.0 


3.030^-0 & 0.0 

“1. 0078 E— OB 0.0 

~8T? 5^6=08 OTO" 

—6*15.906—08 0.0 


ELEMENT POINT 

NO. I.D. NO. TP. 


********************* CUMULATIVE ELASTIC STRAINS ********************* 

XX YY Z2 XY X2 YZ 

— —3 ^000 0^-01 tvO Cr 0 CrE ‘ \b 0“^'3vC 0 00 E—rri 3*9 * 026-^06 — tr.ro OVC 

-3.nnC0E~01 l.OOOOE OO -3.D000E-Q1 -2m 350 ?E— 0 B 0.0 0.0 

-3.00006-01 l.COCOE 00 -3.OCCGE-01 -1 , I 12<r>£-07 0.0 * 0.0 

— —3. &O0OE-O1 It 0 CrftO E~ C0-~— 3 7 frOcK} tr— 0-1 - 7 1 : 9-g07 EHj B— OtO CvO 


MULTJ— E LEMENT CURVED BOUNDARY PROBLEM 
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VARIABLE STRUCTURE NUMBER a l 

INCREMENT-NUMB ER— * t- 


— CteMENT PCriNT- 

NCr. I-D. NO* TP- 
4 40 5 2 


tFF'ECTTVE 

CUM, STRESS 
1* OOUOE 00 

— rrooocE—ocr 

l.OOOOE 00 
1 .^OCGE 00 


XX YY LI 

1.3100E-07 l.OOOOF 00 0-0 

~6v5 5'Ooe=c-c — rrocrcor- co — orer 

0*0 1 .OOOOE 00 0*0 

0.0 3 # OOCGE 00 0.0 


rive— STWStffcS * 

XY 

-7.6416E-06 

^Trrtr&V-B fr-07 

-1.3755E-07 


XZ YZ 

0-0 0*0 

OvtJ OrO — 

0.0 0*0 


-9* 1 t>99 E—OEJ 0.0 


ELEMENT POINT 

NOt It'D 7 NO— Tf>7- 

4 40 5 2 



** ******************* CUMULATIVE ELASTIC STRAINS ********************* 

X X YY ZZ XY X-2 Y Z 

“T.00006-01 l.OOOOE 00 -3.0000E-OI -9.9341E-08 0.0 0-0 

-3.CGOOE-Q1 l.OOOOE 00 -3.OC00E-O1 -l*390flE-07 0-0 0-0 

3t 0000 c ‘-01 17 ccrccc OC ^3-rOO 0 OE^Crr-^177 FtS ltr-C? — O tO o. o 

*-3 . OOOOE— 01 l.OOOOE OC -3 .OOGGE-01 -L.1921E-07 0.0 0*0 


"OUTPUT^ 


TDD -^7 1 Ti 




THE 


COMPANY 


B.3 THERMAL RATCHET 

This is a thermal ratchet problem, involving thermal cycling in conjunction 
with a sustained mechanical load. The finite-element idealization and 
mechanical loading are shown in Figure 3.3-1. The thermal loading consists 
of an alternate heating and cooling of the left half of the structure 
(element 1 ) . 

Because the stresses and thermal strains differ in the left and right 
halves of the structure, the BOPACE MPC capability was used to allow 
vertical slip at the center. Thus the displacements at nodes 3-11 and 
4-12 are constrained to be equal in the X direction, but are allowed to 
have different values in the Y direction. Poisson's ratio is taken as 
0.5 so as to avoid small errors which would otherwise be induced by 
intermediate yielding within an increment. 

Results are summarized in Table B.3-1 for six increments, and the BOPACE 
input listing and printed output results are included at the end of this 
section (some of the output pages have been combined to save space). The 
mechanical loading is applied during the first increment and it then remains 
on the structure. In the second increment the thermal heating load is 
applied, and it results in plastic flow within the right side of the struc- 
ture. Each succeeding heating and cooling cycle (two increments) results 
in continuing plastic flow and an increase of 0.5 in displacement. Note 
that this occurs even though a part of the structure is always elastic, 
because yielding occurs during alternate increments in the left and right 
sides. This type of behavior must be considered in thermal-mechanical 
cycling of engines. 


B.3-1 


DO 6IJC0 214S OHIO 4/71 


PLATE = 2.0 x 1.0 
THICKNESS = 10.0 


TENSILE YIELD POINT= 1.0 
THERMAL COEFFICIENT 
OF EXPANSION = 1.0 



Figure B.3- 1 : Thermal Ratchet Problem 


Table B.3- 1 : Thermal Ratchet Data 


INCREMENT 

DISPLACEMENT 

TEMP. 1 

TEMP. 11 

1 

0.75 

0 

0 

2 

2.0 

1.5 

0 

3 

1.5 

0 

0 

4 

2,5 

1.5 

0 

5 

2.0 

0 

0 

6 

3.0 

1.5 

0 


6 . 3-2 



INPUT DATA 


Co 

» 

Xil 

I 

Co 


CARD 

-frUMP-EP 

1 

2 

3 — 

4 

5 

6 — 

7 

t 

9™ 

10 

11 

T2— 

13 

14 

10 

17 

— 1 H- 
20 

2 - 1 — 

22 

23 

24 - 

25 

?6 

23 

?V 

30 — 

3 1 

32 

33 - 

34 

35 

36- 

37 

33 

40 

43 

4 2 — 

43 

44 

4 5 - 

4 b 
47 

49 

50 
“ 51 


TITLE THtlHMAL RATCHET PROBLEM f2 QUAD ELEMENTS 1 
PROP 2 

— frftPMAX SCGOt MAXtJP — M'AX‘1 Tl — MAXiT“2~MA XI T3~MAX'Iti — KAXYC— KA'X*CUT — CUT APACT 

SLLU » UOOiJl 3 2 , , , f , , 1 

PRT1 1,-1 

-PIH-? It — 1 3t- 1 5r^3 6>— 1 9 , -1 IOt- 1 lit - 1 

VTITLt 
MaTI 1 

“trrlT — 1 " 

1 PL. 3 S O r .5 
l Ii‘l JvA IN «,0 !0,,10. 

-HrArh-T-1- C i 2 

PTLMP 0* 

1 MAR [.I Or l* 100,1. 

■R-bH ArP E £r? u— lOorti 

NUDE i OtO 
NODE 2 0,1 

-h&M—s It t 

MCtiL- 4 1,1 

NLuL 11 3,0 

-ttt-DF— 1 -? — J - r i— : 

NOOb 13 2,0 

NCuF 14 2,1 

-SrPCr Pi D — T-HTeK MS€0 f>E PTE H P— HOOD E ; 

PWJAU L 10* I 0* 

ARL'UAh RID Lin Din RPCODE ICOOEO 1C DDE l IC0PE2 GP 

■hfrWtf k 1 1 4 3 2 2 

OUAD 1 1,1,1 1,3, 4 , 2 

QUA Li 11 1,1,1 11,13,14,12 

-M PG Hprl 3 ,-It-K- 

MPC 17, l 4,1,1* 

LPC lti 1,2 2,1 13,1 13,2 14,1 

4->l-r-LE-3-HeREMtrM— I-LCbLG-3 

LFACT C r C. 1 5 ■ C , 0 1 

ADLOAD DLLJD DIM CID C EID ID D 

■Rfct i AD 1 I— - 1 1—1 2 — 1 vO 

Unit INCREMENT 2 I HOT) 

LFACT 0,0 lb. OtO 1 

-V1LUAH 1 1- 5 i rS-t 3 t4 

1TI1LE INCP.LMfcNl 3 (COLD) 

LFACT 0,0 1 f> • C , C 1 

-TltfrA R -1 tr. 0 ti-fr ,3f4 — 

nmt increment 4 ihld 

LFaCT C,£ 15*0, C 1 

IlllLL- INCKFhtNl 5 (COLD) 

LFALT Oft" 15*0,0 1 

i-JLrtrA E*~~ — i— Irvv 1,2 i 3 , 4- — " ‘ 

ITHLL INCREMENT 6 (ML!) 

LFACT Q , G 15.0,0 1 

1 l LOAD 1.5 1,2, 3,4 ~ 



TITLE THERMAL RATCHET PROBLEM <2 QUAD ELEMENTS) 

-NUMtaeR-fef^ H Etrtrtr ES - tj f - T RET rn rH^E^NeO L = ■ - 2 - 

BOPACE WILL ASSUME ONLY MATERIAL NON-LINEARITY TO SOLVE THE PROBLEM 


MAXIMUM SPECIFIED ERROR NORM = 1.0GOGOE-O5 
SOLUTION METhGU CODE = 3 

-HA X I MUM-M Cv S - T -TFFNes-e-t^&yf E £ - p frf< — INORETVEttT — s 2 

MAXIMUM NUMLeR OF ITERATIONS KLFOKE UPDATE ON t = 10 

MAXIMUM NUMBER DF ITEKATILNS bCFOKE UPDATE. TWO = 10 

X 1 Ml rtt-'NUMfrLTr*-OP — i'T'fc Kfrl "IxtrS - ’T^^FUKt' — UH tAtT t~“T H REE — AN D~U It) — 

MAXIMUM ELASTIC ITERATIONS PfcR INCREMENT = 2 

MAXIMUM MAGNITUDE PCR SEAS! IL-PLA STI C SUM CODE = 2 

-HA X I M L^+HrFuUeT'f OH S — = 1 

CONVERGENCE REDUCTION FACTOR - 5*0C00uL-UI 

FRACTION FROM END OF INCREMENT TO EVALUATE SLOPE - WOOOGOE-Ol 





) 


TITLE 

VTITLF 


THERMAL RATCHET PROBLEM 12 CUAO ELEMENTS ) 


MATERIAL NO. It MASS DENSITY = 0*0 

TEMPERATURE DEPENDENT PROPERTIES 


TEMPERATURE ELASTIC MOD. 

O.t l.O&OCE 00 

TEMPERATURE POISSLNS RATIO 

or greater than l.r l-vjual to on card 

0.0 5.0uOOE~ai 


TEMPERATURE TritKMAL STRAIN 


P.G 

-ir&tra6 E~vrt 


C.O 

1 .u O ou E" OL 


MATLRIAL no 


ItPLASTICITY TYPE 


2 tKlNEMATIC CODE 


MATEkJAL NO. 


It TEMPERATURE - C.O 


PA R AM FT Eft rEGTKfrPi C "rt ftfTtttrtrT* 

0.0 l.fOOOOE 00 

l.OuODOE C 2 1 * tOCOOE OC 


PARAMETER 

C.O 

— FrtrtrtHJOtr^ 


KINEMATIC HARDENING SHAPE 

0 .0 


temperature 


PARAMETER 

0.0 

— l-.-E/G- DiKrE— 


ISQTRCPIC HARDENING 
l.GOGOOt DO 


Parameter 


KINEMATIC HARDENING SHAPE 


PAGE 2 

VARIABLE STRUCTURE NUM&ER *= l 


l . GUGOOE 02 


0*0 





TITLE 

VTITLE 

* 

THERMAL RATCHET 

PRUBLEK 

<2 QUAD ELEMENTS! 




variable 

STRUCTURE 

PAGE 

NUMBER « 

3 

l 


** NODE 
NO. I 
1 

** 
• D* 

XI 

X2 

p n .... . 


X3 

ft A 

CODKD. 

LOCATE 

- - « 

COORD. 

DISPLACE 
* 

' 





1 

2 

3 

2 

0* u 

KO0C00D 00 

l.uOOOCD 

0*0 

00 

V*u 

G.O 

0.0 

1 

1 

1 


1 

1 



■ 



-s 

!> 

6 

XI 

12 

■■' i.L'VifUUU l"U 

l.GGCOOD CO 
l.CCOuCD oc 

lTtlt7tTt» trtr 
0.0 

l. coco on 

uv 

CO 

tr.ij 
0 *0 
0.0 

l 

l 

1 


I ' 

1 

l 






r ' 

Q 

T'3 — 
14 

2* u{7uu00""00 
2. COCOOD 00 

■ o ■* o 

1 .GGCOGD 

GO 

tr.U - 

0*0 

1 

1 


1 

1 







tn 














* 

tyn . 

TITLE 

VTITLE 


THERMAL RATCHET 

PROBLEM 

<2 QUAD ELEMENTS) 

‘ 



VARIABLE 

STRUCTURE 

PAGE 

NUMBER ■ 

4 

1 


ELEMENT 
NO. l.D. 

* *+$* ****^** CCKNEk 
MATL N1 N2 N-i N4 

NODES ************ 
N5 N6 N7 N8 

VOLUME 
(ST. LINE) 

MAP 

CODE 

**************** INTERMEDIATE EDGE 

NODES ***************** 


X 

2 

i 

11 

I I n 

1 11 13 

14 12 



rrwuuir 

i. dodge 

01 

u 

0 




fr 


jUH Ci 

CT-crTun i vuwnui — 

£ » bbUUC \JL 










BEGIN 

GF0RM5 CPU - 

- OOsOO:CC 

.901 

TOD = 23:3? 

: 15 








TITLE 

VUILE 


THERMAL P.ATCHtT PROBLEM (2 QUAD ELEMENTS) 


PAGE 5 

VARIAbLE STRUCTURE NUMBER * 1 


element klflrence point 

NO. I.D. NO. TYPE XT 

X2 

X3 

CGORD . 
LDCATE 

COORD* 

DISPLACE 

INTEGRATION 
SCHEME COOES 

i 

L J 

*» D . L/VTJCT"U L 

5^00 0*1 

OtO 

" 1 

L 

1 2 2 ” 1 " 

2 

11 £ 

4 1*5 OOt 00 

5 .000E-D1 

0*0 

1 

I 

12 2 

fiNIX" 

GTOnms 

CPU =^00^*017^01 . G9 ~4 

' TOD‘ - 23"- 

► 32 ■ 1 8 




BEGIN 

MERGE 

CPU = GO : GO : 01 .114 

TOD = 23: 

: 32 : 1 3 




BEGIN 

GENRE 

CPU = 00:C-G:cu. U<t 

TOD - 23: 

: 32 : 19 




, 








irrrvtij i itn Uu- if lu i uu * * r ft F. \ 1 1 J U*\ i Inf r\ I | J ci'f * 




END 

GENRE 

CPU = uosootoi .221 

TOD = 23: 

: 32 : 20 




BEGIN 

HER SCR 

CPU = CGs 00 :01- 2 21 

TDD = 23! 

: 32 : 20 




END 

M tKjL K 

C i iJ * 00 • uu * ul » i f f 

T OD”^ 23**! 

r 3*2": 2 1 




f° END 

MERGE 

CPU = 00:00:01. ?R1 

TOD = 23: 

:32:21 





to 

l MAXIMUM WAVLFRONT = 6 NODES AT INTERNAL NUDE 3 


t^etrTN CrteCrtP ept) -- ft{ rrOQ-rt U; 3, - 3 AF TOO~=— Z^sTrTV 


I 

i 

\ 

{ 




J 

I 


i 

; 

i 


END 


OECCMP 


CPU ~ 00:00:01*387 


TOD = 23:32:22 




title 

VTITLF. 


A - — trrrtfr 


THERMAL RATCHET PROBLEM 
TttefteHfc NT T- t CGLO) 


iZ QUAD ELEMENTS) 


PACE 6 
VARIABLE STRUCTURE NUMBER ■ 1 
ENT-NUMB 6R-* i- 


PA k A MET ERS - rC K - T H i S ~ i ft t K C. W E N T 

OILFFICUNT FOR CCNClM R AT EU LOAD SOT ONE = 0.0 

C 0 F PF i C TE NT 'FOR- CUN CL NTft'ATt In tOftfi StrT — Two = fcvO 

COEFF IC1CN7 FUK DISTRIBUTED LCAO SET ONE = I.^OOGCOE 01 

COEFFICIENT FOR DISTRIBUTED LOAD SET TWO = G.C 

L 1 1 FF- 1 C*Tt NT PtirK - *T_* trArt — I£tt PtrtorTUKt SrtrF = V.cOOOutJ£— Otr 

COtPF iCitNT FUR NORMAL S TkE SS/S TkA IN SET - O.G 

TRANSLATIONAL ACC t Lt RA 7 J UN (LtNGTH/TJKE/l 1ME) = 0*0 

Aft 0 UL Ak— V etrOe-I'TT— i-ntVttxrT ] SNSr/TTMtrF ■•= O.v 

ANGULAR ACCELERATION ( *\irVCLU flUNS / 1 1hE/T IMF ) = 0,0 

CREEP TlrtE = 0.0 


co 


Co 

t 

Oo 


TITLE 
VT 1 !LE 

THERMAL 

RATCHET PROBLEM (2 QUAD ELEMENTS) 






PAGE 

VARIABLE STRUCTURE NUMBER * 

7 

I 

If 1TL £ 

rpfliyK t nt“T 

’■ l l uGlrU 1 — ■ — 

DISTRIBUTED LOAD SETS 


t m i r Li r r -T v 


INbKtnfcNT—NUntJ bn - ”" - 

1 

SET DIM 
I 1 

t LI: ME NT 
1 

" ccurru* 1 ~ LlK»L" LUAtt tuts ir 

SYSTEM OK PACE TYKE OK FACE 

I 2 UNlf 2 

L ufttr - 

XI 

1 .GOOOE 

X2 

00 0.0 

iJUn rciTL?! t 

X3 

0.0 

■ 



BEGIN G FORMS CPU = 00:00:01, &97 TOO = 23:32:30 


■FMD OTeftFrS CP U - 00: so: 01 .726 ■] 0 ~ ? 3-rj-2 r*JG 

BEGIN LOADS CPU = 00 : uG: 01 . b 23 TOO - 23:32:37 


END 


LOADS 


CPU = 00:00:01,920 


TDD = 23 :32 :38 


THERMAL RATCHET PROBLEM t? QUAD ELEMENTS J 


TITLE THERMAL RATCHE 

VTITLE 


REG I N 50LN 


CPU = OC=OG:01.y66 


PAGE 

VARIABLE STRUCTURE NUMBER 
INCREMENT— NUMBER- 



TOD = 23:32:39 


D'^Cr 2 n? 0 ^ 


LEG1N ELLUUP 


CPU * 00:00:02,020 


TDD = 23 : 32 : AO 


ELLL'OF 


CPU = 00:00:02.093 


TOD = 23:32:AI 


-RESTIrUAL— h 


fc—N~D Lr — F — tr*0— A— D 1 - N~C R E M~E^N — T 1 ; 

NO. ELASTIC INTEGRATION POINTS = 3, NO. PLASTIC INTEGRATION POINTS = G 

0 pe-i^I^^AV^^HAN&EI^L-A^-TT^Tt^-tASTTei G TNT E CftftTJ ttK-pW ft 7 S — P trA Sr TIT: T IT" E"trAS“TT ' ftT N G“ _ TtTl'S I' NCRfcM EN \~ 

^ SPECIFIED MAX. NO. STIFFNESS UPDATES = 2, NO. UPDATES PERFORMED - 0 

^ SPtClFlLG MAX . NO. ITlRaTIQNS PER UPDATE “ 10 10 1C, NO. ITERATIONS PERFORMED SINCE LAST UPDATE - 1 

SP FGri-H ELf-^WX-v— - l-r0<r00£~05 y- ACT U/> t - , ERROR- - 3^1376 1-07 - 


bCGIN OUTPUT 


CPU = 00:00 :{ 2 . 1 SV 


TOO - 2 3 : 3 2 : 3 



TITLE 

VTITLE 

HTITL-e- 


THERMAL RATCHET PftUbLLM (2 QUAD ELEMENTS ) 
"TNeRt-MtFHF- 1 — l-eeLMl) 


PAGE 

VARIABLE STRUCTURE NUMfaER 
INCH EM ENT-NUMB EK- 


CUMULATIVE INTERNAL FORCES AND DISPLACEMENTS 


** NLDE ** 
NO. I.D. 


U ^ V 


FORCES ^c*****#:* *$.**+* 
W 

7 - 71 - 3^1 e- 07 


- 3 . 74999 VLC 


1 , 6 ^lAAG 7 L-L 7 


3.7AVSVME CO -l-iVOiDl JL-o7 


"~J frtr- 
3 . 752 Cr 0 CE OG 
3 . 7 ivCGC 0 t lO 
-3- . 7 *779-9 t*T c — vir 


"irr 2 M VJJL--C-UY- 

EM! h 

-S.7?A]G73L»u7 
— l-vl b76BP7e“UA - 


. 75i.C L ] Ot CG ~3.C03M.f^L 


************* \j IS PLACEMENTS 
U V 

~Ot*J 0 . 0 : 

0.0 -3.7SO0OOCF-U1 

7. AV9SGVAL-U1 '1 .256151 fce-07 
”7 VS'JO U03U t -D I^“3 . 7 SO C O 1 BE -ClT 
7. t-0 1 0 .A2b7rt3*E-n7 

7 4 S00UG3GE-01 3 * 7 S C C C 5 A E- u 1 

- 0 .tr — P .0 

G.O 3 • 7 ^9 9 9 7 ^ r —0 1 


********,***** 

W 


s 







PAGE 10 

VARIABLE STRUCTURE NUMBER * 1 

1 NGfcfcHENT-NUHb ER-- 1 “ 


cumucahpiv e ■ STHE S BCS — ++■+*■*++++*+**■**+* ******** 

XX Y V ZZ XY XZ YZ 

7 , f 5 OOOE— Gl 7 . 9 A 73 E- 0 & 0,0 8 .O 540 E-O 9 0*0 0*0 


**++* + ++++W++++++++ CUMULAT IV E Ei -’A-ST' l C " S T RA~INS — +♦*♦*+***********♦**•'- 

XX YV ZZ XY XZ YZ 

7 - 5CJQ0F— 01 -3.7S0GE-01 -3.75C0E-01 1.32C2E-0H 0*0 0.0 


t*-** *++*-+**++*+ * *«■** 


-eUMUt- A-HVE— Rttt S T1 c - ST frfl-fHS — «*,r**+<** **♦**♦**♦*♦* 
ZZ XY XZ YZ 

0*0 0*0 0.0 0.0 


*++******+**++** + *4> ! Ne^HitfjTAt'PLA&T'EEr— 5TRA I NS ♦*♦♦♦4*** ******»*♦•- 

XX YY ZZ XY XZ YZ 

0.0 G.G C.O 0.0 0.0 0*0 


XX YY ZZ XY XZ YZ 

7*5 00 OE — 01 — 3*75 t Ob — 0 1 - 3 . 75 G 0 E-C 1 1 . 32 B 2 E -08 0.0 0.0 


’ 4444 ~ EPFEC - TiVt * PLAS 7 Te -^ TRA ^ S - Y ^ 4 H > ♦****- eFFt ^ ttVfc - eHeef - STRAlNS ~*****- 

INCRErtENTAL SUM INCR* CUMULATIVE INCREMENTAL SUM INCR. CUMULATIVE 

0*0 0.0 0.0 0.0 0*0 0.0 


44+*^CUMUtrflrfTVt^J UtRM At — S~1 R~A1 NS— 
XX YY ZZ 

0*0 u * C 0 *c 


^<^**.***.******«* .>****-**- ,-cuHULAW 
XX YY ZZ 

~7*50Dol-G 1 -3.973fit.-07 0.0 


XY XZ 

— 1 * 8 t >62 E —07 0.0 


*****+***+«**•+*+**«* CUMULAllVt CLASTIC STRAINS " **♦*****♦*♦♦»»**♦♦♦•* 

XX YY ZZ XY XZ YZ 

-7.500Uh-Gt 3 * 7 S COE— (J 1 3*7tOCE-Ol -2„7 ot »3E-07 0.0 0.0 


t L - e * a 


TJ TLE THERMAL RATCHET PROBLEM (2 QUAD ELEMENTS) 

VTITLE 

-Fmtr b TNeftlrH^ N-T— 1 — <-eOL D ) * 


PAGE II 
VARIABLE STRUCTURE NUMBER * l 
INUREMENT-NUMBER - — I- 


— btrEME-fn PtKNT- 

NU* l.D. NQ, TP. 

2 11 5 A 


— CUMUtAT-I-VE CiJMUbATLVE— PL-AS-T-1E^STRA“1NS — * ****+,+*******++*«*++.. 

PLASTIC WORK XX YY Z2 XY X2 YZ 

D«C 0.0 O.C 0.0 0.0 0*0 0*0 


FLrtM frN~T “ — -KIT NT" 
NO. 1.0, Np, TP, 

2 11 b A 


-INCREMENTAL — 
PLASTIC WCRK 
O.C 


tNCRfcMENTAtr’PtrASTTC-S-TRrATNS — 

Z2 XY XZ 

0.0 0*0 0*0 


************ 

YZ 

0.0 


-“EtrtMENT KtTNT- 

NO. l.D. NQ. TP, 

2 II b A 


— tr-P 5'tJtt CTJM— EPP-: C Lt M If LA T1 V t — } Ell 'A lr~S 1 RAINS ****** **t< 

CGOE CODE TOTAL STRAIN XX YY ZZ XY XZ YZ 

0 -1 7,5 CODE — 0 1 “7.500GE-G1 3.750CE-01 3.75G0E-01 ~2.7Vy3t-07 0.0 0.0 


— tL-EMttt-T — — P&-TNT- 

NL«. I.n* NC * TP. 

2 11 5 A 


- V-l-bb O YIELD »* ^■y-EEFbe-TTVtr-pL ASTiC— STRA Iff &--»*+» — * * *-++—E PPECrTI Vb— CrR tfc P — SIR A I N S — ***** 

STRESS C1R, STRESS S12L INCREMENTAL SUM I NCR. CUMULATIVE INCREMENTAL SUM 1NCR. CUMULATIVE 
O.C l.OGOCE CO 0.0 0*0 0,0 0.0 0.0 0*0 


— bb-EMEN-T PtrHTT- 

NO* l.D. NO. TP. 

2 11 5 A 


—CUMlTbA-TTVE 

TEMPERATURE 

O.C 


►+ * +-£ U MUL-ArT-T V E— T HbRMA b’STRA T N S~* *++- 
XX YY ZZ 

OnO O.C 0.0 


CPU = GC:UQ:02.339 TOD = 23:32:44 



THERMAL RATCHET PROBLEM 12 UUAD ELEMENTS ) 


PAGE 

VARIABLE STRUCTURE NUMBER 
ENCR EMEN T“NUMb Eft- 


COEFFICIENT FOR CONCENTRATED LUAD SET ONE 

COt PP 1C I ENT FGk 0 1ST R 1 t.UT EO LGAO SET ONE 
COEFFICIENT FOR DISTRIBUTED LUAD SET TWO 

■ CO L f flcrit f^r-Pr *^r: mi a'l TLTrRtrk j\ T uk £ — sei 

COEFFICIENT FCR NORMAL S TRE S S/S TR A IN SET 
TRANSLATIONAL ACCLLERATluN ( CtNGT h/ TI KE/1 1M E T 

ANOUL Aft,, ACCEL tRAT ION l REVOLUTIONS/ I l ME/TIME 1 
CREEP TIME 


1 *500000? 01 
0.3 



CD 



THERMAL NODAL LOAD SET 


NODE 1.0* 1 2 3 A- 11 12 13 1* 

TEMP 1.50000b 00 1.5C0GGE GO 1.50000E 00 U50000E 00 0.0 0*0 0*0 0*0 


LCADS 


CPU 


TOD 


23:32:50 



TITLE -THERMAL RATCHET PROBLEM (2 QUAD 

VTITLE 

m-TIrfc IttefrfrPfcMT ? -t-HfcrT-1 


ELEMENTS } 


PAGE 

VARIABLE STRUCTURE NUMBER * 
lNOfteM£NT-NUHSER— •- 


BEGIN SCLN 


CPU = 00:00:02.808 


TOD = 23:32:55 


-CrCTOtrrtr 2 V 7 rS? 


POD 5 


BEGIN ELLUGP 


CPU ~ 0L':CC:C2*&b5 


TOD = 23:32:55 


CPU - 00:CC*:G2.«&1 


TOD = 23:32:57 


“Rfrfrf t? U Atr~ttt) RM — = 


BEGIN 5GLN 


CPU = 00:00:02. VB5 


TOD - 23:32:57 


END SOLN 


CPU = 0u:00:03* 021 


TDD = 23:32:57 


“BEGItr- 


M3 D ’ = ~ 2 3 i3-?T51 


CPU = 00 :G0: 03. 13A 


TOD = 23:32:59 


RESIDUAL NORM = 4.962A3E-06 


-“•fcfcCrltJ — sett 


rptJ— ^ 0 trrtrCrrO' 3 vF 39 "~ 


CPU - CC:0G:t3.16b 


TDD = 23:33:00 


BEGIN tLLOUP 


CPU = CO : 00 : 03. 171 


TOD = 23:33:00 


-ePU“^Jfrrfoe^ 3 ~ 2 trl“ 


-33 ru 2 ~ 


RESIDUAL NORM - 2.5DC01l-CL 


BEGIN ELLODP 


CPU - 00 :U0 : 03 . 28B 


TDD = 23:33:02 


-E-LbOeP 


^CKmB.-rCK 


-TUD-*— 23r33t(r3- 


RESlDLtAL NORM - 2.5000AS-01 


BFGIN ELLOOP 


CPU = 00:00:02.^17 


TOD = 23:33:03 


RESIDUAL NORM = 2 . 50006 b-C- 1 


-T0D”^~23r33 : 06“ 


BEGIN SOLN 


CPU = 00:00:03. 53 Q 


7CD = 23: 33 : C6 


-END S 6 LN- 


) 




i 


) 


) ' 


) 


TITLE THERMAL RATCHET PROBLEM (2 UUAO ELEMENTS) 

VTTTLE 

it — 


BEGIN MERGE LRU - CG : 00 : G A p 306 TOD = 23:33:17 

-Rfctmr— ’ (VtNRr ent-=-iJVT^- rt*nr31ti T00-^23T33rl-7 

STIFFNESS GENERATION LGMPLETLO. 31 PARUTIlNS WRITTEN. 

END GEMRb CPU = OG : { D : 04 . 416 TOD - 23:33:18 

x* FGi M tifrh StlR L Mi" TO t r ^=“2 3 r 3 3 : l* 

END * " MtKSDR CPU = Uu:o0:04.472 TDD - 23:33:20 

END MERGE CPU = CG: CG : 04 * 472 TDD = 23:33:20 

KA X-I M UM~ WAV HPiW T - ^ c* N trCnrS~"£T 1 irTt’ WWtT“N DDE 3 


BEGIN DLCCMP CPU = G 0: OO : 04 . SGa TOD = 23:33:?! 


OJ 

1 

END 

DECCMp 

CPU - G C : t«G :0 a 

TDD - 23:33:21 

LH 

REG IM 

'SOtrN - ■ 

trPu =~C V : Du i 0 *r . “V 1 " 

TDD - ?3 : 33:? 1 


END 

SC LN 

CPU = 0( 

TOO = 23:33:22 


BEGIN 

EL LOOP 

CPU = CG: l. J : 0*. . t*?S 

TDD = 23:33:22 


"trNlN 

RESIDUAL 

TrLtrCGP 

NORM * 

g-f-tl — - u 

8. 5^t0r?fc-07 

TO 0“ '=' *£3 - 3 3 t2-*~ 


PAGE 16 
VARIABLE STRUCTURE NUMBER * 1 

1 NCR trtiENl-NUHH ER— * 2 


END GF’LUAn INCREMENT 2 


NO. ELASTIC INTEGRATION POINTS = 4* ML*. PLASTIC INTEGRATION POINTS - 4 

4 INTEGRA! ION POINTS HAVE CHANG LV ELASTIC TU PLASTIC, 0 INTEGRATION POINTS PLASTIC TD ELASTIC' DURING THIS INCREMENT 

— SP^frlR^D-HA-fr^-MEr— S^FPFN El S UPOA T^S-^ 2 r - NO UPD aT EE PERFORMED- 1 — 

SPECIFIED MAX. N*J. I T l F A T IONS PEk UPDATE = 12 1C U , k iu, [fFPAllOMS P c krCRHE D SINCE LAST UPDATE = I 

SPECIFIED MA> . UNBALANCE H— FLhXF FkrtDk = 1 . UUriGh -u 3 , A C T i J t L i RRUR ^ H . S SF -G? 


TLU - 23: 33:2 F 


FEGJN OUTPUT 


CPU 


GO : 00 : 04 * 832 



) 


in 


Tmt 

vtitll 

-TTlTtrE- 


THEKMAL RATCHET PROBLEM <2 QUAD ELEMENTS! 

-tteefrtM LNT-z - niOT - > 

CUMULATIVE INTERNAL FORCES AND D I SPL ACEMENTS 




** NODE ** 
NU. X.D. 

1 i— 

2 2 
3 3 

«* <r~ 

5 11 

12 
-«r 
14 


4*49 4JF*9#e»4**.** FORCES ***************** 
u V w 

" 0 0 3v^fr4t74*2fr^C-fc 

-2.99998968 UO -2.94A2353E-Ur 
2.49V9&7&E LC 4.06079798-06 

5.L0L0C76S CO ~l * 07 lI'SASt -06 
S.OCOOlfSE ^0 7.S930SS3L-07 

-3 *OGLO 15 38 CO 1 .42t>19 328-0o 


o 


) 



PAGE 17 

VARIABLE STRUCTURE NUMBER ■ 1 

^ NCR t M E H T -NUM B EH”'* 2 


************* DISPLACEMENTS ************* 

U V N 

-ore c . c 

0.0 1 .25000008 00 

1.99999628 CD -7 .3349440 E-0 8 

-1.94*9*6 It— DO !“.?<»9<Wbl t~0O 

1.99999*25 GO 1 .U201602E-06 
1 • 999948 1 E 00 9 .99SS934E-G1 

-0.0 (r*0 

0.0 9.9999B27E~G1 




PAGE: 18 

VARIABLE STRUCTURE NUMBER “ 1 

1 NGR&M&NT— NUMBER— *= 2- 


* + +4+ +**++■+*+++*»*+ +4.++* CUMttbATTV^STfttSStS — *♦**.**+* ****.** ***#****+** 

XX VV 22 XY XZ YI 

5.00GCS-01 —3*17 09&—0 o C.O -1.2225E-08 0.0 0.0 


H; UMU L A T 1 'V Er~ - ET - ArS'TT C — STRrAT'NS 4+** * 4 ** 4 ** 4*44444*4* 

XX YY Z 2 XY XZ YZ 

5 * OOOQf' — 01 -2.5000E-01 -2.5000E-01 -1.B337E-C8 0.0 G.O 


CUJiU-t:ATI-ve-Pt/r3*TI-e— trTRAlNS **444444* *+****44 *4** 

XX YY ZZ XY XZ YZ 

o.n o.o o.o o.o o*o o-»o 


► 4 44 * ** 4 4 4 * 4* 4 44 4 4 n 
XX YY 

0*0 0.0 


-in eftehe^T a t-f ca-stt e— stpta-i-n& — * * * «** ** **** * * *** ***- 
ZZ XY XZ YZ 

0. G 0.0 . 0.0 0.0 


*4+444 44*44*4*4 + 44 4*4-* — eUKULA"T-tVtr^lfrT-At^S-lFcAi'NS 4* 4**4 ****** * 444 ** 444 *- 

XX YY ZZ XY XZ YZ 

2.0U00E 00 1.25C0E OU 1.2SU0E 00 -l*E337b-0b 0.0 0*0 


-*44+-t Fbt CT I V fr-’P LA'iTTC — S TR A' 1 M S"~* **+ 4 ** 44 —^ F tCTtVlirtlCCtP-^T RAIN S~*+**l 

INCREMENTAL SUM INCft. CUMULATIVE INCREMENTAL SuM INCft. CUMULATIVE 
0*0 0.0 0.0 0.0 C.O G.O 


*4* * - 1 UMUtrAT I Vt“T Hr KM A t"STK A I NS—** 4*~ 
XX YY ZZ 

L.5C0CE C?0 I.&OGJE UO l.HQUOE 00 


- 44 *v 444 44 — LUMUL‘A _ T-f V 6 -- 5 r 1 KtSSErS — 4444 * 444 * 444 * 44 44 * 44 * 4 * 4 4 - 

XX YY ZZ XY XZ YZ 

- 1 . 0 C 0 GL CO T.W/ 3 E -28 G.O 3 .U 95 E-C& 0.0 0.0 


LUMULAlJVE ELASTIC STkAlNS" — *** 444*4444 4*44444444- 
XX YY ZZ XV XZ YZ 

— L.GC’OCL 1C S.COloL-OI 5 .OOGut—Gl A.&792E-GB 0.0 0-0 


) 


~N 


□ 


TITLE* 
VTITLf 
— 1T-ITI rL 


THERMAL RATCHET PROBLEM (2 QUAD ELEMENTS } 
INCREME N T 2 (HOT I 


—ELEMENT POINT 

NO. I.D. NO. TP. 
2 11 5 A- 


--CUMULATIVE- 
PLASTIC WORK 
Q b QCOQ£_OL 


—ELEMENT P6TNT IN C REMEN T A lr 

NO- I.D. NO. TP. PLASTIC WORK 

2 11 5 4 9.9999F-01 



RrrMfrNT— 

NO. I.D. 

2 11 

Pe-Ttr^ 

NO. TP. 

5 4 

E— F SUM- 

CODE CODE 
1 2 

CUM. -EPF. 
TOTAL STRAIN 
2 * OOOOE 00 

CU 

I 

co 

1 . cn crn 
NC . I.D. 
2 11 

rynn 

NU. TP. 

5 4 

rrtrcrtJ 

STRESS CTK . 
0.0 

T1 

STRESS SIZE * 
1. OOOOE 00 


-ELE MENT P uINT EtfMULATT V£ 

NO* 1 .D« NO. TP. TEMPERATURE 

2 11 54 t 0.0 



********* ***** v *** **** CUMUL'ATl V€ — IftTAt - STfrAi N S ** ********** ** *** ***** 

XX YY Z Z XY XZ YZ 

-2. OOOOE CO 1.00 COE 00 I .OOOOE 00 -4.6424E-06 0.0 0.0 


-♦♦**-EFPLerTTVE“PL ASTiL“STRA IN£-*+** **★**- EFFECT ! VE^K EE P-STR:AIN S~*****~ 

INCREMENTAL SUM INCR. CUMULATIVE INCREMENTAL -SUM INCR. CUMULATIVE 
9.9999E-01 9.99SSE-01 9.9999E-01 0.0 0.0 0.0 


**-4HJMU L ATT-VE- f H ERH A L—5TR A I N s-* * 
XX YY 1Z 

0.0 0.0 0.0 


TITLE . THERMAL RATCHET PROBLEM (2 QUAD ELEMENTS > 
VT17LE 

rr-m-e 1 tceirM 


PAGE 20 

variable structure number «■ 1 

INCREMENT - NUMBER-* 3- 


Pa RA tttT~E~ftrS~ PtTK TttI~S TN £ fc S Hfe NT 

COEFF TCI tNT FOR CONCENTRATED LOAD SET ONE = 0,0 

COE F P iCTL NT - Kj K^“<rC ** t tr * rTFnrT [r O — truAr D — tm — 1 WO = Drt5 

COEFFICIENT FOR D I STR ] LUTLD LOAD SET ONE = 1.5GC000E 01 

COEFFICIENT FOR D 1 S7 ft 1 1 U T ED LOAD SET TWO = 0.0 

COL F h 1C I L Tf 1 — FL^r-Trur^ — ]-^>TP L'KA-l'OKt Sn 1 .00 COO OE“OD' 

COEFFICIENT PL.K NORMAL STkE S S/STIIA1N SET - 0*0 

TKaNSLATIUNAL ACCELERATION I UKGT h/T ) ME/ TIME ) = 0*0 

AN i> UL pR~V FLOC ri-TT — ^t^VL T LuTitjN't-/-T~T M E l 0* 0 — ■ — 

ANGULAR ACCELEKA1ILN (RF. VL*L UT i ON S/1 1 ME/TIME ) - 0*0 

CftFEF TIME = 0.0 


ua 

• 

wJ 

TITLE THERMAL RATCHET PROBLEM (2 QUAD ELEMENTS) 

V1I1LE 

IT iTlrE THet tL MLN T — jr- ie &btF) 

THERMAL NODAL LOAD SET 


PAGE 21 
VARIABLE STRUCTURE NUMBER = 1 
TNeftEHEN T-NUHBEft— 3 


NODE I • D* 1 ? 3 A II 12 13 14 

TEMP O.G 0*0 . 0,0 0.0 0,0 0.0 0.0 0.0 


BEGIN LOADS CPU = uC=CO : D5.2B4 1GU - 23:33:34 


£Ntr 


trCrAtrSr 


t trh^^ t rr CJ t r rtJ trryT T 


TOD = 2 3:3 3 73<r 



) 


) 


) 


PAG£ 22 
variable structure number * 1 

1-Men EM EM T-NUM6 EH—* 3 



BEGIN 

SOLN 

CPU - 00:00:05.417 

TOD = 

23:33:39 



“END 

'StitrN 

CPU — CG*00*l 4 l J ..4^T 

TOD - 

™^3 r33 *40 



BEGIN 

ELLOOP 

CPU = GU:GG:05.464 

TOO S 

23:33:40 



END 

ELL OOP 

CPU = Oij:00:li5.56l 

TOD * 

23:33:43 










RES I trtrA't: 

riCJK ft — 

^ iCUCi'OtC-U'i” 





BEGIN 

SOLN 

CPU = 00: GO: 05. 564 

tod = 

23:23:43 



END 

SCLN 

CPU - 00 : GC : 05 .604 

TOD = 

23:33:43 



BEG'f'N 

■BLtOtrP 

CPU *• lt 5 • &"1 u 

ITJU - 


CO 







U> 

END 

ELLDUP 

CPU = 00:tlO:u5.7L4 

TOO = 

23:33:46 


hu 

O 

RESIDUAL 

NORM - 

9.994866-02 





■ b E Crl N 

“SOtN 

CPU “■ 

T 0 D 




LND 

SOLN 

CPU = 00:00: 05*757 

TOD - 

23:33:46 



BEGIN 

LLLCOP 

CPU = 00:00:05.764 

TOD - 

23 



-end 

'EHrtrLrP 

1 ^ PU — u u * 0 v • L^vc-trC 

T00**=" 

23 .33*49 



RESIDUAL 

NORM = 

4.943 l»3 E^C7 








LND OF 

LOAD 

INCREMENT 

3 


NO. ELASTIC INTEGRATION POINTS - 4, NO. PLASTIC INTEGRATION POINTS = 4 

4 INTEGRATION POINTS HAVE CHANCED, ELASTIC TO PLASTIC* 4 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

SPEfri FI-EB-ttA-K-a-N C . IjTi f f N efi-S-U P ttA-TtrS-* ?■»— NO — UPDAT tS “PE ft FORMED-* G 

SPECIFIED MAX. NO- ITERATIONS PER UPDATE = JO lfi 10, NU. ITERATIONS PERFORMED S INC E LAST UPDATE = 3 

SPECIFIED MAX. UN&AL aNCLI—PORCu ERROR = 1 .GCOOL-uS * ACTUAL CRR04 = 4 . 94S4fc-o? 


TOD = ?3 : 33 : 5C 


HTLf THERMAL RATCHET PROBLEM <2 QUAD ELEMENTS) 

VTITLt 

T T I-T trt atreftgHc NT 3 ItleLD I 


BEGIN 


□ UT PUT 


CPU - uG;CG : C5 » 973 




TITLE THERMAL 

VTITLE 

-iTIli-E JWIrW 


THERMO L RATCHET PRUBLEM (2 QUAD ELEMENTS) 


CUMULATIVE INTERNAL FCRCES AND DISPLACEMENTS 


** NUDE ** 
NG. I . D * 

1 i- 

2 2 

3 3 

5 I 1 

L 12 

7 i^- 

IJ 1A 


FORCES ******4***** ***** 
U V w 

•5v c~ O trtj t> trt* L — H: 3^-** frH'S'ft’S E— <*-? — 

~S * 0 C. CCob' 7t CD -^3P?6133L-C7 
S.OCOOOi-bP 00 b . A537&79 b-07 

-trr&bcvizirtt — 'ufr~— f-r5 23 b-cr? — — 

?.49998fco£ 00 -1 .*i?074?<*E-L6 
2.499*91h£ 00 3. AA65rit!6E-D7 

5Y<rt.**7-7^Hr« — — 

00 l. W213301-C6 




PAGE 

VARIABLE STRUCTURE NUMBER 
INCREMENT— NUMB ER- 



4****.44****4* DISPLACEMENTS ************* 
u V w 

■p *‘Cr i) ^ 0 

0,0 ~7..s99oSAlE-01 

l*A999v24b 00 2 .5t^&M>E-07 

1 • 'jvVvv?^ t— 0 0 ~-7 * A W9 5 1 7 t— 0 1 

I.4999924E 00 -V . 3194 1 03E-0B 
l.499992^E GO 7 *499 V577L-P 1 

v- 0 — 0*0 - 

0.0 7.49«9bfi3l:-0l 



TITLE 
VTlTLb 
, ir-i-Tte- 


THERMAL RATCHET PROBLEM (2 DU AD ELEMENTS) 
-i W C RFW NT - - 3 < CL! LO T 


PAGE 24 
VARIABLE STRUCTURE NUMBER « 1 
INCITEMENT-NUMBER-* 3* 


— EtEMeirT PoTNT EFFECTIVE ********»***^*********** CUMUtA-Ti-VE— STRES SES *♦*♦♦*•**♦****♦♦♦**♦*♦*** 

NC. 1.0- NC. TP- CUM* STRESS XX VY It XY X? Y2 

1 1 5 4 1 „ 0000 E 00 l. 0000c 00 6.357BE-C7 O.G 5.9255E-06 0.0 0.0 


— ttrtMENT PttITfT * * »♦ * * + «■+ A * » * ******** — CdMUCA’l IVfc—ttrASTlCr^ST RAT NS *********♦♦**********- 

NO- J.LU NO * TP* XX YY It XY XZ YZ 

I 1 5 t, 1.9CC0E 00 ~5.GOOL£-Ol -5.00006-01 6.bbf(2t-06 0*0 0*0 


— tVtHtrttf 
NO* J.D. 
1 1 


NO * TP. 
5 


— CUMUL ATI VT VKZTVXr^Sl FTAJTO *********** ** * *** * ** * 

PLASTIC WCKK XX YY ZZ XY XZ YZ 

4.9999E-01 4.99996-01 -2.49996-01 -2.49996-01 3.5472E-08 0.0 0.0 


— ttfcMfrNT PCrl-ftT 

ND. I - L - NO. TP* 
W 1 1 3 4 

_j — — 

ro 

rv> 


-eetM ENT PGTtrF 

NO- I.O- ND - TP* 

I 1 5 4 


TTJCRFMcftf'AL ****-***-»******* ***** INCREMENT AL^PtrAS-TTC-- STRAWS *********** ********* * 

PLASTIC WLKK XX YY ZZ XY ■ XZ YZ 

4. 999 9 P— 01 4.9999E-0I -2.4VVVE-01 -2.4999E-01 3.5472E-06 0.0 0.0 


— C— ? SrUfl CUM-s — EP F-; ********* ************* eUMULrAT-TVt-“TOTAtr^STR:AI‘NS ********************** 

CGDF CODE TOTAL STRAIN XX YY ZZ XY XZ YZ 

1 2 1*50006 00 1.5000E 00 -7.5000E-G1 -7. 5tYjGE-0I 1.2435E-G7 0.0 0.0 


-etEH ENT PC-ENT YT-6tit YTttfl ****-+F FfcCTf-Vfc — Pirfl'SrT 1 1 — SrT*RATfJ 5— * *** — **• **^t FF ECT - ! Vt** CRtrfcp— 5-T RAT NS~ ***** 

NL . l.D. NO . TP. STRESS CTR. STRESS SI2E INCREMENTAL SUM IhCR. CUMULATIVE INCREMENTAL SUM 1NCR. CUMULATIVE 

1 l 54 0.0 l.OQUCt 00 4.9R99E-01 4.944yE-CU 4.9999E-01 0.0 C.Q 0.0 


— EtrfftENT PtH-TtT CttrtUEYrFTVE ****-eUMUtAT fi/fc^THtRM'Atr'ST KA lN5“-**** 

NO. I.O. NO. TP* TEMPERATURE XX YY ZZ 

l I 5 A 0.0 0.0 0.0 0.0 


“tL-6M£N? F0TNT EFRHHT-VE ****************** ****** — CUMUL-A T IVL S -TftfrSSES ************************* 

NO. 1 * D * NO. TP. CUM. STRESS XX YY ZZ XY XZ YZ 

2 11 5 4 5.0000F-01 —5. OCO LI:— 01 -3 . 1 7 b'lE-vl 0.0 8.7611E-GB 0.0 0.0 


-ELEMENT P OINT ***************** **** — eUMULATTVE— ECASTTC—ST RYEIIiS ********************* 

NO. I.D. NO . TP. XX YY ZZ XY XZ YZ 

2 11 5 4 -5.00006-01 2 » 5C OCE—OI 2*50006-01 1.3142E-07 0.0 0.0 


t 


TITLE THERMAL RATCHET PKUBLEH 12 QUAD ELEMENTS) 

VTITLE 

-1 IT T L-E TNC-PPM EN- T - 3 ( tEbt?-) 


PAGE 25 

variable structure NUMBER = 1 

I NC REMENT-NUMB ER-* 3- 


— EtrtMEN-T PfrtfrP- 

NC* I • D. NO. TP. 

2 11 5 A 


— euMift-AT-i-ve — 
PLASTIC WORK 
9.V99VE-01 


+ ****** ******** — CUMULATi VE“PLAS-TTC-STRAlNS— 1 *********♦*****♦****♦- 

XX YY 2Z XY X2 Y Z 

-9.9999E-01 5.GG0GE-O1 5.UOOOE-OI -9.3216I1-0B 0.0 0.0 


fc t tM W PcrfMT- 

NO- I -0- NO. TP. 

2 U 5 A 


“INCR EM ENT At— 
PLASTIC WORK 
0,0 


^******^*****+* v **** INefttMENT-AL-PtrAS-TTC— S-TfrAlNS — +******«************ 

XX YY 22 XY XZ Y2 

0.0 G.C 0.0 0.0 0.0 0.0 


— ErEME*Pf POT-NT” 

NO. I . D. NO. TP. 

2 11 5 4 


— fr-t — Stfrr CUM— CF Ft? 

CODE COOL TOTAL STRAIN 
-1 -2 1.5000E 00 


***** * — CUMULATtVE^TUlAt-S'Tft'AT-NS — ***** 

XX YY ZZ XY XZ YZ 

-1*50006 00 7.5 0 UOE—Gl 7.5000E-G1 3.9200E-08 0.0 0*0 



EL-EMENT P6WF- 

w NO. I.O. NU. TP- 
* ? 11 5 A- 


NO. 1.0. NO. TP. 
2 ] 1 5 4 


y-i-tL-b Y'MrtD **** ■ EPPreTTVE-PLA S-T^ lt~S ; TRA IN S-**** — * * + +*»•“*€ PPfc(rTT-Vfc~fcR , rfP“"S‘T ft‘A 1 N S~****< 

STRESS C'*K. STRESS SIZE INCREMENTAL SUM INCR . CUMULATIVE INCREMENTAL SUM INCR. CUMULATIVE 
0.0 l.OOGuE 00 0.0 9.9999£-01 9.999VL— 01 0.0 0.0 0.0 


— etffittfcAr r-Eve 
TEMPERATURE 
0.0 


^^-eUMUL'A-Ti Vt-THtftKAL—S-T RAINS- 
XX YY 7.2 

0 . o 0.0 0*0 


OUTPUT 


CPU 


00:00:06.103 


TOO = 23:33:51 


) 



1=1 



Tl TLfr TH 6RNAL RATCHET PRU&LEM <2 OUAD ELEMENTS') 

VTITLE 

f T MU "ItiGT' j 


PAGE 26 

VARIABLE STRUCTURE NUMBER * I 
1 NCR tMEN T-NUM B ER-- 4 


PA Kfrtttrffc. RS -P CK- 1 jfcftrt HtVT 

CULFFICJtNT FCR CuMCtNlKMED Lu AD SET ONE = 0.0 

CUE P ETC^-EfrT^f^R^-etTi(^imrA^TTr 4 P*tl3'A^ — re T TWO OTO 

COEFFICIENT FCR i) l STM RUT ED LCAD SET ONE = 1.500000E 01 

COEFFICIENT FOR DISTRIBUTED LOAD SET TWO = 0.0 

CD £ L I C ! t N~t'" F UK— mruA ■ tr“! r .w p tTKTrt n fc e — rtrT = n CCCrP 00 JrTMV 

CUEEFICltM FCk NORMAL STKESS/S TrtA IN SET = C.O 

TRANSLATIONAL aCClccRA 1 1 C'N ( LENGTH/ TIME/ T IME ) « 0.0 

AN&UL Ak-V btSeUTTr— t P KH - — — Cv6 

ANGULAR ACCEURAT ICN [ Kf VClUTI L-NS/1 IHE/T IttE ) = 0.0 

CRISP T I HI - C.G 


cn 

00 

ro 

-p* 


TITLE 

VT1TLE 

r-T-i T 

thermal ratchet problem 

A — 

(2 QUAD ELEMENTS) 



PAGE 

VARIABLE STRUCTURE NUMBER * 

r hi/ 1 1 “ ai /'i.i T* hit iu n rn 

27 

l 

* I I * LL 

I ^UDL'TL(^ t AT *L/ 1 f 




INCREMENT NUMBER— »— 

— -A 


thermal NLTDaL 

LOAD SET 





NODE 1 
TEMP 

.0. 1 2 

X » 3GGG0E 00 l.MJDCOE OU 

3 <t 11 

1 . 5000 C-E CO 1.5COOOE 00 0.0 

12 

O.C 

13 

0.0 

Q 

• 

o 








THERMAL RATChET PROBLEM (2 QUAD ELEMENTS l 


TITLE 

VT1TLE 


BEGIN ELLOOP CPU = <30:00:07.215 TOD = 23:34:09 

€ N L ELLOOP C I-T J -g OG : 30:6TT32 9 7 0 t3 SITT 

RESIDUAL K'CRM = 7.4P026E-C7 


PACE 29 

VARIABLE structure number * 1 

INCREMENT" NUMBER”-* 4 


END OF LOAD INCREMENT A 


NO. ELASTIC INTEGRATION POINTS * A, NO. PLASTIC INTEGRATION POINTS = 4 

4 INTEGRATION POINTS HAVE CHANGED ELASTIC TO PLASTIC , 4 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

SP E-fcIPietl-Htt X - NO - . — S -T1PP N E S S— UPtJA-TES—= 2r~ NCT“UPIXAT LS "PERFORMED -= C 

CO SPECIFIED MAX. NO. ITERATIONS PER UPDATE * 10 It. 10, MO. ITERATIONS PERFORMED SINCE LAST UPDATE * 6 

' SPECIFIED MAX. UNBALANCED-FORCE EKRDK = l.UOOOE-OS, ACTUAL ERROR = 7.44036-07 


ro BEG TN OUTPUT CPU = 00:00:07.421 TOD = 23:34:12 

Ol 


TITLE THERMAL RATCHET PROBLEM (2 ttUAD ELEMENTS) 

VTITLE 

. I-T-J-Ttrfc INC R E MEN T — 4 ' ' < H OT") 

CUMULATIVE INTERNAL FORCLS AND DISPLACEMENTS 


PAGE * 30 
VARIABLE STRUCTURE NUMBER * 1 
INCREMENT-NUMBER—* 4- 


*«■ NODE 
NO. I 

** 

.D. 

«********-*.»*.*#*4 FlkCES *********** ****** 

U V 

***4********* 

a 

OlSPLACEMtNTS 

V 

w 


1 

1 ' 

i. ,7tYYYjj» 

uu 

i»cir.i o u r 

ov~o * 

"“OvO 



2 

2 

-2 ,hS»V991aL 

00 

~A.322lWCaL-u7 

o.t 

L,UCCC037b CO 



3 

3 


00 

-L .A13AC97L-0C 

^.^cjousb'/b 00 

-3.1fa25677i:-XQ 




Of — 

~“2 "»"4"VS S V U i*E 

T rtr 

— rTT<X' c ri ?r? Xtr-ij o 




3 

U 

5.00001 146 

ou 

3 . 1M SXA71-06 

2.4999L576 00 

2 .G34KB71 1— C8 



b 

12 

f* . £GCG 1 3vl 

GO 

-3 . 4 1 O&loot— 06 

2*4999^666 OU 

1.2444924B 00 


* 

. — — ^ 

“) 3 

. CX CX 1 \j L 

_ 00" 

w • *- 3 -* J L"-* J 0 

0 - c 

C** 0 ~ 1 



H 

LA 

. OC CO 1 1 At 

oc 

-3.2t>^725i:-Go 

0*0 

] *249 c 914t 00 




j 

I 




TITLE THERMAL RATCHET PROBLEM (2 QUAD ELEMENTS) 

VTITLE 

ITT T L-E~meF^MEN-T-^-fHe-TT 


PAGE 31 
VARIABLE STRUCTURE NUMBER * 1 

1 NCR bMEN T-NUH fi Efb— V 


-eL-EMENT PUT-N-T* 

NO- 1 , D* NO. TP. 

L 1 $ 4 


"-ETFEe-TI-VE ***+*******♦******♦♦*■*** eUMUL-A-TIVe^S'TRE'SS&S ************♦******#*♦***- 

CUM. STRESS XX YY ZZ XY XZ YZ 

5 * CO 008*01 5.0GGGE-01 -J.099AE-06 0 .C ~2-tJ953E~0B G.O G.O 


— tb-EMENT pa-l-N-T + + CUMULATI VE-~tLA5Vi C— STRaTNS — ****j*+*** ****** ****** 

NC. J.D. NO. TP. XX YY ZZ XY XZ YZ 

I 1 5 A S.GGOGE-Ol -2.5GC0E-01 -2.5000E-01 -A.3A29E-08 0.0 0.0 


™cfcrtMtN-T- PtrTftf eUMUtATT VE ***********■***,=******■ — CUPULA fl VE“PLAS T I C~ STRAINS ********** *** ******** 

NLi * 1 . D , MO. TH. PLASTIC WORK XX YY 11 XY XZ YZ 

1 1 5 A A.9999E-Q1 4.9999E-Q1 -2.4999EHU ^2*A99 < JE™01 3.5472E-0H 0.0 0*0 


03 

TO" 

I 

ro 


— ELEMENT’" 

NU. 1.0. 
1 1 


— btEMENT™ 
NC. J.D. 
1 ‘ 1 


PE-l-N-T- 

NQ, TP. 


5 * 


— — “PGTNT - 
NO. TP. 


5 A 


-I-NC-R EH ENT A L— 1 ♦+++++» + + INCREMENTAL— P bA-ST IC-ST RAINS — ********************* 

PLASTIC WORK XX YY ZZ XY XZ YZ 

O.G 0.0 0,0 0*0 0.0 0.0 0.0 


— E— P SUM CUM-.— EFF-< * *-*** ************* *** * — CUM ULATT V e*T 0TAtr-5T-R:ATfr5 ******** ****** ******** 

CODE CODE TOTAL STRAIN XX YY ZZ XY XZ YZ 

-1 -2 9.9999E-01 2.5000E 00 l.OCODE 00 l.OOOOE 00 -7.9572E-09 0.0 0.0 


— HrtHf-frT Ffri-frT- Ylcbb YIELD **** EFFECTIVE PL A ST I C~5T RA 1N5 - *** + — *•+*+*- EFFfcL-TiVS -CREEP— STRAINS - 

NO. I.D. MJ. TP. STKtSS CTK. STRESS SIZE INCRLMENTAL SJM TNCR. CUMULATIVE INCREMENTAL SUM INCR. CUMULATIVE 

1 I 5 A 0.0 l.OOOOE 00 0.0 A.YV9SE-01 A.999VE-01 0.0 0.0 0.0 


—ttEMENT POT NT CUMULaTI YE **** CUMULA 1 1 Vt“ T rttRMAL-ST RA IMS - ****" 

NO. I.D. NO. TP. I Ef'PERATUHE XX YY ZZ 

1 1 5 A 1.500L.E 00 1.500CE 00 1.5COOE 00 1.50G0E 00 


-gi-gHE-NT p£rl-(rT EFFECTIVE— — »*♦*«**»*»*.*♦*.***♦+*** --CUMULA FIVE— SIKESSES— *•**••**• **“►••»♦******•♦•■ 

NO. 1.0. NO. TP. CUM. STRESS XY YY ZZ XY XZ TZ 

2 11 H A l.OOOOE 00 -l.OOOOE 00 -S.5o31E-f»7 0.0 3.2366E-0S 0.0 0.0 


_£L Pfr-j-NT *•*+.►.**..*»*♦• — CUMULATIVE— ELASTIC STRAINS — ••„**».*.*,,**•„•*.■ 

NO. I.D. NO. TP. XX YY ZZ XY XZ VZ 

2 11 X A -l.OOOOE 00 5.0COGE-01 S.OCOOt-Ol A.ft5A<>C-0B O.C G.O 


) 


) 


) 


TITLE . THERMAL RATCHET PROBLEM 
VTUL E 

-ITO-Tt rE“ INC REME N T h - < H QV ) 


-etEMttrT KriTfT - 

WO. 1.0. NO. TP. 
2 11 5 ^ 


(2 QUAD ELEMENTS) PAGE 32 

VARIABLE STRUCTURE NUMBER * 1 

INCREMENT- NUMBER-* * 


-eUMUt_-AT-J-ve — CUHUtA‘fiVfr^^ST i IC--&TRA"IN5 ♦•***••••••**•••' 

PLASTIC WORK. XX YY ZZ XY XZ YZ 

1.5 CODE 00 -1. 5COOE 00 7.4°99fcHU -5.3637L*-08 0.0 0.0 


— trtMtftat P O I NT' 

NO. 1.0. NC. TP. 
2 11 5 4 


PLASTIC WORK 
4.9999E-01 


XX 

-4.Q999E-01 


YY 

2, A999E-G1 


ZZ 

2.A999E-01 


XY 

3.9579E-G8 


XZ 

0.0 


YZ 

0.0 


NO . 

2 


1 . 0 . 

11 


NO. TP. 
5 A 


CODE CODE 
1 2 


TOTAL STRAIN 
2. 5000 E CC 


mmw tm *** — CtfMULX TlVt^TcrTAt^STRAIttS — ♦*****-*«»«******•♦* 

XX YY ZZ XY XZ YZ 

2.5G0CE OD l .25 COE 00 1.2500E CO -5.G673E-09 0.0 0.0 


nog tt rtMENT PetNf YIELD Y*f-Et“D *+^HrF^eT^VE™PLAMltr^T«^lNS-*w% — +****-~tFP rt^T^e*1rtf*“S’TfrA I N 

• NO. I * D* NO. TP. STRESS CTR. STRESS SIZE INCREMENTAL SUM I NCR. CUMULATIVE INCREMENTAL SUM INCH. CUMULATIVE ] 

UJ 2 11 5 A 0.0 l.COUUE 00 A. 99991—01 l.SUGtiE CC 1.5000E 00 0.0 G#G 0.0 * 

_____ - ' * ' 1 ^ 

CD 






) 



TITLE THERMAL RATCHET PROBLEM 12 QUAD ELEMENTS) 

VTI7L b 

a it i-7 t-E ifteR-enw-T -5—i-tWr} 



PAGE 33 
VARIABLE STRUCTURE NUMBER = 1 

1 NC Rtf! t NT- NUH id fcR“* 5 


-PARArttT-i: 


COEFFICIENT FOR CONCENTRATED LOaLi SET ONE = 0.0 

COIr F R-I CltrrT-ROR^^I^ — Strl 1 Wd = 0.0 

COEFFICIENT FOR DISTRIBUTED LOAD SET CNF = 1.5D0G00F 01 

tOLJFICltNT PLR DISTRIBUTED LOAD SET TWO - U.O 

* CCBbp f C-I evT'-^oFr-rtOtvir-"' Tt^PfcftjrT’tftcr ShrJ r, 0000C0E~00' 

> COEFFICIENT FOP NORMAL S 1 kfc S S/S TRAIN SET - C.C 

TRANS LAT ILEAL ACCELFRA71CN I L EM’.Tn/TI ME/I I M E ) ~ 0.0 

ANGUL AR "VEteCrE-TY— I-Rtvettrl iOHt/T JM f) = tr.tf- 

ANGULAR ACCELERATION ( RE VCL UT I LN S/T 1 Mt/T I HE ) = G.C 

J CRbtP TIME — 0.0 


3 


“CC? 

; co 

} 

ro 

uo 


TITLE 

THERMAL 

KATCHET PROBLEM (2 GUAt) 

ELEMENTS) 




PAGE 

34 

VT1 TLE 







VAR 1 AB, 

STRUCTURE NUMBER * 

1 

III ILL 

rv^rtuvr r v l u uru u i 






| — I-N C K fcMtnr T fi UM ll fcR^ »“ 

5 



THERMAL NODAL LOAD 

SET 







NODE I 

.0. 1 

2 

■3 

,r« 

A 11 

12 

13 

14 



TEMP 

G.O 

0*0 0.0 


0*0 0.0 

0*0 

0* 0 

0*0 


. 

BEGIN 

two 

LOADS 

"irCwtrtf 

CPU = GO: uG : 07 • r *67 
cr u ^"0 crrfrt? ■: C 7 »~v Yt*- 


TOO = 23:34:17 
~V0i7— ^ zyr5*'\ 2tr 







e-e 



£ N 0 U F LOAD I N C R F M E N T 5 

NO* t LAST I C INTEGRATION POINTS - t, NO* PLASTIC INTEGRATION POINTS = A 

<* INTEGRATION POINTS hAVE CHANGER ELASTIC TO PLASTIC, 4 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

SPHH-f-I Et»-ttA-X — fflff NrS S~ttP trftl ES” 2 ,~rfO UPDATE S * PE RFORMELr^ 0 — 

SPtCiFILU NO* ITERATIONS Ptk UPDATE ^ 1C iU 10, M3, ITERATIONS P LKPL'Kflc D SINCL LAST UPDAU- = 3 

SPEC I F-Ib D RAX* UNRAL ANCEO-f- U RCT LKKUR - l * OOGuT—t ^ , ACTUAL r RROK ~ l,G47Pb-L,o 

LEG IN CUTPUT CPU = 00:00 :uh, SS2 TOD = 23:34:27 



ifl-e* 



) > 


PAGE 36 

VARIABLE STRUCTURE NUMBER * 1 

i-weftEhENT-NUMe EH—* 5 


************* D] SPLACEMENTS 
U V 

: O'* Q 

0. C -9 .99V662BC-01 

1. 9999790b 00 4.21A67B0Q-08 

~1~. 'W9 9 7VutT~OC — -^TVV 9 ft ft 5e>U=01 
1.949979CE 00 2 . Y695432E-G7 

1. **99O7<*0t OC ° ,g**oS9E7C— 01 

_ 0.c u.u 

0.0 9. 9998945 t -01 





THERMAL RATCHET PROBLEM <2 QUAD ELEMENTS) 



) 


PAGE 37 
VARIABLE STRUCTURE NUMBER * 1 

INCREMENT— NUMB ER— 5’ 


-****»******************* et/MUL-A'MVE^-TRE-SSeS — ******** 

XX YY It XY XZ 

1 * COOOE 00 l.C 3 3 J.E-G& 0.0 ~4.3511E-G8 0.0 


********************* — CUMULA-TtVe^trA5-Tie-*STRfrtN5 — ********************* 
XX YY ZZ XY XZ YZ 

l.OOOOf 00 -5.0000E-01 -iS.GCOGE-Ql -6.5266E-06 0.0 0.0 


-********************* C UHUL'A T lirt^PtrA ST1 C“$ TRA'I NS ********* *********** 

XX YY 11 XY XZ YZ 

9.999UE~01 -9.9999E-01 ~4.99V9£~0l 1.2973E-GY 0.0 0.0 


******* ******* ** * * ** INC Rfc ME h P a t~PtrA ST IC— S TRAINS ********************* 

XX YY ZZ XY XZ YZ 

A.9999E-01 -P.499YE- 01 ^2.4999fc-0l ~-3. 417 5E-0B 0.0 0.0 


********************** — C UMULrA T IV E — T OT AL~ S“T RATN5 ********************** 

XX YY ZZ XY XZ YZ 

2. COOOE 00 -9.9QQ9E-0I -9.9<»Q9E-0I -6.3969L— OB 0.0 0.0 


-** + * ePPECTlVt- PL A ST 1 C-S TRAINS-*** *— * * * * *~EFP£CTTVfr~ GRfcbP“5'TR A INS— ***** 
INCREMENTAL SUM iNCft. CUMULATIVE 1NCHEMEMAL SUM INCK* CUMULATIVE 
A.4999e-Cl 9.y990E~01 9.9998E-G1 0.0 0.0 0.0 


-***T CUMULATIVE ’TMtKrlAL S TRA1NS^Y*< 
XX YY ZZ 

0.0 0.0 0.0 


-* ** + *********** ** + *** * ** — CUMULATT VE— STftES-SES ************** i***********- 

XX YY ZZ XY XZ YZ 

-9 . OOGCP—0 1 G.u -3.02<>9E-08 0.0 0.0 


*+ **•« ********** ****** CtfMtJ LA TI V e— PtrASTI e— S-TfrAi N5 ** ***» **» » » *****4*»**- 

XX YY 71 XY XZ YZ 

-9 .oc CO 1 - -0 1 2.5iULfc-Cl 2.bOOOE-Gl -4.S404E -Ob 0.0 0.0 


rine 

VTJTLE 

“iTl-TlrS" 


THERMAL RATCHET PROBLEM <2 QUAD ELEMENTS) 
* - 


PAGE 38 
VARIABLE STRUCTURE NUMBER = I 
INCREMENT— NUMBER— 5 


-Eire KENT Re-ENT- 

NO* I.D. ND. TP. 

2 11 5 4 


-TjUMUL-A-T- I VE * ++** + +-* + ++* * * *++ * * *+ CUM t> la- 1 T Vt— PL“AS-T-ie— S-TR-ft-IN S * * ** ********* ******* * 

PLASUC kURK XX YY 2Z XY XZ YZ 

l.fOOOE 00 “1,50006 00 7.49V9E-U1 7.49S9E-01 -5.36370-08 0.0 0,0 


— 'EtrfcMENT Ptrl'tvT - 

Nt). I.D. NC. TP. 
2 II 5 A 


" INCRL ?- 
PLASTIC WORK 
0.0 


XX 

0.0 


YY 

0,0 


7.Z 

0.0 


XY 

0*0 


xz 

0*0 


YZ 

0.0 


— EL-ttttrn PCri-ftT E-R SHIM eUHr~t PF “. ** r -+ r ***^*** — CUMULaTI V £— TuT Atr~S~T'RA INS **-***-****** ******* r **** 

NO. I.D. NO. TP. CODE COLE TOTAL STRAIN XX YY 2Z XY XZ YZ 

2 11 54 -1-2 ?.0000fc 00 -2.C0OCE CO V.999VE-01 9.9999E-0I -9.9041L-08 CI.O 0.0 


TO EL-EMTrNT PtrHrf YT fcirfr ++** ‘-frPFEC-T-lVtr- PL A ST le STRA TNS-**+* — *****— pt(rT T Vt~ CR t: fc P“"S1 RAINS -***♦*- 

* NU. I.D- NO - TP. STRESS C7R • STRESS SIZE INCREMENTAL SUM 1NCR. CUMULATIVE INCREMENTAL SUM 1NCR. CUMULATIVE 

^ 2 11 5 4 0.0 l.OCGOL- 00 0.0 1, 5000L 00 l.SOOuE 00 0.0 0.0 0.0 

Co 


— EtrtMtEET PtrlMT etitttHrA-TT VE ** +* — CUM UtrAT-IVir^TH ERMA L~S IRA I NS—**** 

NO. I.D. NO. TP. TEMPERATURE XX YY ZZ 

2 11 5 4 0.0 0,0 0.0 0.0 


END 


CPU = 00 : 00 *00.705 TOD = 23:34:28 


OUTPUT 


) 


) 


THERMAL RATCHET PROBLEM <2 QUAD ELEMENTS > 


TITLE THERMAL RATCHET 

VT1UE 


PAGE 

VARIABLE STRUCTURE NUMBER 
iNCREMENT-NUMbtR- 




CGLFFICUNT FOR CQNCLNTRATtD LOAD SET ONE 

-CuEF F-KrI e^-fc R - C-CHC-L YHreTED-btrAft S« T*C 

COEFFICIENT FCK DIM HI bUl I D LOAD SET ONE 
COEFFICIENT FOR D1STMLUTEU LOAD SET TWO 

-COE PMC-TEN SirT 

COLFPICUNT FOK NORMAL STKtSS/MRAlN SET 
THANSLATJCNAL ACCELERATION (LFNGTh/1 IME/T1ME) 

-Ah CUE AR-V-EL-OG-FTY-H-frf-VGL-O-T HjN 5/^1 HErJ 

ANGULAR ACCELERATION < P L VOLU T UN S/7 I ME/ TIME I 
CREEP TIME 


0,0 

-t-o 

l.SCOOOOE 01 
0.0 

-i .eooeoot— do- 
0.0 
0.0 


b 

CP 

« 

to 

_L_ 

O 

OJ 

□ 


•J 



TITLE 

VTITLE 

'IT-I-Ttre- 


THERMAL RATCHET PROBLEM <2 QUAD ELEMENTS ) 


THERMAL NODAL LOAU SET 


PAGE 

VARIABLE STRUCTURE NUMBER * 
TNCft tH£N T— HUM B Eft-— 


NODE 1.0*1 2 3 4 

TEMP 1.5G0GCE CO I.SOOCOE uO 1.5QG0CE 00 l.SOGOOE GO 0.0 


BEGIN LOADS 


CPU s= C0:0O:OS,9B5 



END SDLN 


BEGIN EL1-0DP 

end E-tiiOCH*- 


CPU - 00:00:09.961 


CPU = CC:C0:0V.96h 
-eKU-^-Ou^t;H>- : vV ^ ci-7 - 


KESIOllAL NURM = 9 - 9^V70 E — 02 


bCGJN LLLOCP 

-en c tttea-p — 

residual norm = 

0 LG IN EL LCD P 

~e no t tt eor j — 

RESIDUAL NO Rtf - 
BEGIN SCLN 


CPU = OGtCO : 09. SRI 

ErPtf — " — : xr^i-r ob'f- 

9 .999BSE-' C2 

CPU = Oj: 00:09.691 

CPU’ — 0-L’T-c:(j*rtr9-T-? frV- 

l.OOCOIt-Gl 

CPU = Oc : tiO : u9 , 770 
trPU - 0 O't u ErSTPrrti 


-TOU-- 23 -39:37“ 
TOD =■ 33 : 3A :37 


TOD - 33:39:37 
-TO 0-^23 t 3 * r3 Sr 

TOD = 23:39:39 
-TOD— "23 : 3 ^: 90 - 

TOD = 23:39:90 
— 7 OD =^~23 *39 • 9’2“ 

TQU = 23139:^3 




) 


) 


) • 


TITLE 
VTITLE 
| TT-I-TL-E- 


THfcRMAL RATCHET PROBLEM 
•L NO ttg-M L. ^ T ~ u — FH &TH 


( 2 QUAD ELEMENTS) 


PAGE 42 
VARIABLE STRUCTURE NUMBER «* 1 
INCREMENT— NUMBER— * 4 


BEGIN ELLGOP 

CPU = 00200:09.814 

TOD 

= 23; 34.*, 43 



RESIDUAL NORM = 

CPU — 00. oG . 09 .933 
tt .7 1 1 tib t— 07 

TOD" 

1 = ’■ 23^34^4' 





END OF 

L 0 A 

D INCREMENT 

6 



NO. ELASTIC INTEGRATION POINTS = A, NO. PLASTIC INTEGRATION POINTS = 4 

A INTEGRATION POINTS HAVE CHANGED ELASTIC TO PLASTIC, A INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

-SPeei-H-cfr-*AX-~ NC. STl 'PHtct-S-tH>bA-t-&S-= 2, -HQ.-OP'JAI ES-T»S RPORMEO-= 0 

SPECIFIED MAX. NO. ITERATIONS PEK UPDATE = 10 10 10, NO. ITERATIONS PERFORMED SINCE LAST UPDATE = 6 

SPECIFIED MAX. UNO AL /AC bu-FCJKCt tRRCk = 1. CiGOOfc-OS , ACTUAL ERROR = 6.7119E-G7 


P 3 BEGIN OUTPUT 
CO 



CO 

cn 


CPU - OC:oO:lC.03G TOD - £3:34:46 


TITLE THERMAL RATCHET PROBLEM (2 QUAD ELEMENTS ) 

VTITLE 

k 1 T I T tr£ Tt?eP^t:N T -fe 4-tt OT I 

CUMULATIVE INTERNAL FORCES AMD DI SPL AC EM ENTS 


PAGE 43 

VARIABLE STRUCTURE NUMBER * 1 

I-NCR tMtNT-NUMb fcR— 6“ 


+ * NODE ** 
NC » l.D. 

— t ir 

2 2 
3 3 

5 1 1 

6 1 2 

7 i-3- 

tj 14 


£ + **** PURGES ***««* 4 *****^? *** 
U V w 

— — uc E-34 h*^ 1 6 

-2*avvvG2oE lO -2.5296C23L-OIS 
2.4V99ti4?i; Go 2 • M4 7244 J t-Gt> 

— * 7 r, L“Urr “ 

^.uOCOn^L GG 3.3B03V7/L"0h 
3.1.0CG124S: 00 -?.?43m2t-0b 

^1^27^4—** 

-S.TClOlo^E CO -3.3l4sFt.7L-t c 


*.****♦.»***,** D I SPLACEMENTS 
U V 


CvC G. tr 

O.C 7 .5CG1294E-G1 

2.99^9704£ GO 4^ X l 0«* 8948-07 
2. 4VVoyo^L Oi~ 7 „ imClC'IXC-trl- 
2.999WC4E CO 2 * h 1625 25 E-U7 
2.994*7048 UC I*494‘>847L GO 
f\ 0 - L* .0 


1.4994ft3Mr 00 


******* ****** 

w 


) 




) 


PAGE 44 

VARIABLE STRUCTURE NUMBER * 1 

rNCRL ' MENT - WUMBER-c 6' 


XX YY Zl 

^ o ^ L-DI - 3 . 099 AL - 0 o 0*0 


rl HESSES *44*4*44* *444 **********4*- 

XY XI VI 

- 3 . a * 65 EMj 8 0*0 0.0 


r* CTJMUL'AT IV L — CL“Air1'iC _ STR-A'I NS n»w***w*W***f***#< 

XX YY Zl XY XZ YZ 

4.9<3<m'— 01 ~2.SC COL-01 -2*AOO 9Ei -0X -5.7696E-0tJ 0*0 0.0 


eUMULAl LVC-^-AVl-ie-S-TfvA-INS — 44 * 44 * 44 *** 44 * 444 **** 

XX YY Zl XY XZ YZ 

9.9990C-01 -9.99V9E-G1 ~9.9999t~01 1.2973E-09 D.O 0.0 


-4*4***4**444****4*4* 1NC-R1.KCM7 At~PL-AS-T-ltr-S-l RA INS **** 

XX YY 12 XY XZ 

0.0 0.0 0.0 0.0 0.0 


****4+*-*+-* ->■*+ + + 4 44-4444 <HittULAT-lVfc— f £>TA L— STR AT-NS 44 4 4 4 4 4444 ******* *4* + 4- 

XX YY ZZ XY XZ YZ 

3.0000E 00 7. tOOl E~G1 7.5G02E-C1 ~5.69Clt-06 0.0 O.u 


-4444-eFFee-TLV^-PLrA frT-Et- J S-T^AIW5-4**4 — *+ + 4+— fcFEtr(rT^-Vtr— ORirEP— STR.A I NS— *****^- 
JNCREMENTAL SUM lNCk. CUMULATIVE INCREMENTAL SUM INCR. CUMULATIVE 
0*0 9. 999^-01 9.999BE-GI 0.0 0.0 0.0. 


M* 4 4-CUMLJL-A’T 1 V e— T N EK M A tr-S-JR AI N5~ *444- 
XX YY ZZ 

1.5C00E UO l.iiuOOL bO USuOOL 00 


^4*4^444+44 444M4444 C UM U L AT |‘V 6— STREP'S fc£ +*4***4**4*4*******4***+4- 

XX YY ZZ XY XZ YZ 

-l.C'OGClt 00 -7.9*t73L-u7 0.0 -1.1373H-G7 fi.O 0.0 


.*4+«V+fl*Y4**^ + ffi4 >*■* — CUMULA7 I VE ELASTIC "STRAT NS 4 + +4*4* 4*4*** 44+ *♦***- 

XX tY It XY XZ YZ 

-1.C.C0GE CO b.OOOOL— 01 - 1 • 70b9L“07 0.0 0.0 


□ 


TITLE 
VTULt 
| ! TfH-t 


THERMAL HATCHET PROBLEM 
- TNefrfrH B s H F - 6 


(2 CJ'JAD ELEMENTS) 


PAGE 45 
VARIABLE STRUCTURE NUMBER * 1 
INCREMENT^NUMbEH— « 6 


■ -ELrEME-NT PixLNT- — 7 

NO- I.O. ND. TP* 

2 11 5 4 


-CUMULAT TV^ ********************* — CUMUL ATIV£~ PtrAirTl C“STRA I NS *•** *********** 

PLASTIC WORK XX YY ZZ XY XZ YZ 

2 « CO DOE 00 ^2. OOOOc OC 9.999BEHJ1 9.999LE-01 -1.3323E^07 0.0 0.0 


— EtPMEHT PfcTNT INCRt* MENTAL ******************** iNCRthfcNI AtT’fMrAVT TC“ STRAINS ********************* 

NO* 1.0. NO. TP. PLASTIC WCfcK XX YV ZZ XY XZ VZ 

2 11 5 *t A.9999E-C1 -9.9999E-0! 2.49v9E~01 2.4999E-01 -7.95956-0& 0.0 0.0 


— EL-tMENT PtrftrT E — P S’UM CUM; — BPf—. ******* *************** CUMULAT I VEr— TuT‘AL“'"STR AT NS ********************** 

NQ. UU. NO. TP. CODE COliE TOTAL STRAIN XX YY ZZ XY XZ YZ 

2 11 5 a 12 3.0C0GE 00 -3.0GGCE 00 1.5U.0E 00 1.5000E 00 -3.03B2E-07 0.0 0.0 


PbEM-ENT PErTM V T &L lr Y1 EL0 ** ♦♦-TFPirC-T-i-Ve-PL-A-STI-C-STRA .V^iS ■ **** — *****-EPFeeTl VEr^CR frtf^STR A 1 NS~***** 

^ NLf. 1*0. NO. TP. STRESS CTR. STRESS SI2P INCREMENTAL 5U* 1NCR. CUMULATIVE INCREMENTAL SUM INCR. CUMULATIVE 

1 2 11 5 A 0.0 1. GOGOL 00 *.9999£-01 2.G0CUE 00 2.000&E 00 0.0 O.C 0.0 

Oo 


-HrEneNT Pei-HrT fc U M U LA - T T~VE ****-CUhUtrATT Vtr-T MtKMAlr-ST RaINS — **** 

NU. I - D* MO. TP. TEMPERATURE XX YY ZZ 

2 11 5 4 0.0 0.0 0.0 0.0 


END OUTPUT 


CPU = OCKOO : 10 . 1 76 TOO * 23:34x47 


n 


END UP EGPACt PROELEM 
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B.4 CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 

Uniaxial Behavior - The basic characteristics of BOPACE combined hardening 
are shown in Figure B.4. I for a uniaxial (special case of a plane-stress or 
3-D) problem. Figure B.4-1A gives the assumed monotonic stress-strain 
hardening curves for a hypothetical material with unit elastic modulus. 

The size of the yield surface is defined by the isotropic stress {= average 
of tensile and compressive yield stresses), while the Bauschinger kinematic 
hardening is defined by the difference between the total stress and the 
isotropic stress. Thus the hardening is completely kinematic out to a 
strain value of 7.0 (elastic strain = o/E = 4.0, plastic strain = 3.0), 
after which there are equal amounts of isotropic and kinematic hardening. 
For an actual material, these curves would have been determined from cyclic 
test data. 

A resulting cyclic stress-strain curve is given in Figure B.4-1B. The 

15 load increments were chosen so as to result in the exact a-e points 

given in the figure insert table. Note that the hardening parameters 
k 

(k and k , described in Section 2) in this example were based on effective 
plastic strain rather than on plastic work, because it makes the relation- 
ship between the monotonic and cyclic curves more readily apparent. 

This problem may be used as a test problem for various BOPACE elements, by 
applying appropriate boundary conditions normal to the direction of load, 
so as to maintain a uniaxial situation. 


B.4-1 


DO GODO SMS ORIG. 4/71 




(B) STRESS-STRAIN PATH UNDER LOADING 


Figure B.4-1: Cyclic Plastic— Creep Problem Behavior 
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Plane-Strain with Additional Options - The uniaxial problem just described 
was used with a 2-D plane-strain element to illustrate the use of several 
additional BOPACE options, including temperature-dependent elasticity, 
creep and use of element normal strain loads* The analysis was performed 
using the QUAD element and loading given in Figure B.4-2. A listing of the 
input data and the printed output results are included at the end of this 
section (some of the output pages have been combined to save space). 


Y 



PLATE - 1.0 x 1.0 
THICKNESS = 1.0 
V =0.3 


Figure B. 4-2: Cyclic Piastic-Creep Checkout Problem Mesh 
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A summary of the plane-strain problem Is provided by Table B.4-1. The 15 
Increments correspond to those of the previous uniaxial problem. The 
values of Incremental plastic strain, stress, effective stress center, and 
yield-surface size given in columns 2-5 of Table B.4-1 were kept the same 
as those of the uniaxial problem, by prescribing proper combinations of 
creep, thermal strain, and normal strain loads. The stress is equal to the 
product of the temperature-dependent elastic modulus (column 6) and the 
elastic strain (column 7). 

The creep strain listed in column 9 results from the material creep 
definition of Figure B.4-3. There the creep curve shape for a strain- 
hardening material is assumed as shown in (A), while (B) defines the 
creep factor as a function of average stress level during the increment. 

The creep strain may be determined using the average stress level (column 
TO of Table B.4-1), the creep factor (column 11) and the specified creep 
time increment (column 12). 

In addition, the normal (Z-load) strains given in column 13 and thermal 
strains in column 14 were imposed. In order to keep the results simple 
and exact (all numbers in Table B.4-1 are given exactly), the Z-load and 
thermal -strain values were selected so as to give zero normal stress in 
each increment. For example, in increment 11: 
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E 


P 

zz 


e 

£ 


C 

ZZ 

t 

ZZ 


-0.3 

- 1.0 

-0*5 


1.5 


Es 


ZZ 


-0.3 


Because the imposed Z-load strain also equals -0.3, a zero value results 
for the normal stress Thus it may be noted that this example can be 

used for detailed checkout of either the plane-stress or the plane-strain 
capability. 

The prescribed vertical displacements shown in column 15 were determined 
from the various components of the total strain. For example* again in 
increment 11: 
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e YY " 
-P = 

Eyy 

c 

e YY " 
t 

e YY 


1.0 

2.0 

1.0 

1.5 


Qyy - ^Eyy 
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Table B.4- 1 : Results for Plane Strain with Normal Z-Loads and Creep 


(11 

<a) 

(3) 

(4) 

(6) 

(6) 

m 

481 

(9) 

HO) 

(ID 

(12) 

(13) 

(14) 

(IS) 

(16) 

Incr. 


°YY 

f a YY 

[ CT - a ] 

E 1 

e e 

yy 

e p 

YY 

_5_y_ 

"aw 


At c 

Z-load 

strain 

e* 

q yy 

Temp. 

0 

- 

0 

0 

2.0 

1.0 

0 

0 

0 

- 

- 

- 

0 

0 

p 

1.0 

1 

0 

2.0 

0 

20 

20 

1.0 

0 

0 

1.0 

1,0 

0 

0 

a3 

1.3 

20 

2. 

as 

25 

as 

20 

25 

1.0 

as 

as 

225 

1.0 

5.0 

0 

as 

28 

20 

3 

as 

3.0 

1.0 

20 

ao 

1.0 

1.0 

as 

275 

1.0 

0 

0 

1.05 

255 

4*0 

4 

1.0 

3.5 

1.5 

20 

3.5 

1:0 

20 

1.0 

225 

1.25 

4.0 

0 

1.8 

5.8 

5:6 

5 

1*0 

4.0 

2.0 

20 

4.0 

1.0 

3.0 

1.0 

275 

1.75 

q 

0 

23 

7.3 

&0, 

6 

0 

20 

210 

20 

20 

1.0 

ao 

1.0 

3.0 

1,0 

0 

0 

23 

7.3 

7.0 

B 

0 

0 

zo 

20 

1.0 

0 

3.0 

1.0 

IJO 

1.0 

0 

0 

2:0 

6.0 

24 

D 

-as 

<1625 

1.5 

2125 

1.25 

-as 

25 

1.0 

03125 

1*0 

0 

-ae 

1.0 

4.0 

ao 

B 

•as 

*1.25 

1.0 

225 

1.25 

-1.0 

20 

0 

0.9375 

1,0 

lao 

4X2 

as 

1.5 

ao 

to 

0 

1.0 

1.0 

225 

20 

as 

20 

0 

ai25 

1.0 

0 

0 

1.15 

265 

rao 

it 


3.25 

1.0 

225 

3.25 

1.0 

20 

1.0 

2125 

1.0 

10:0 

-0,3 

1.5 

5.5 

•4,5 

12 

as 

3.875 

1.5 

2375 

3.875 

1.0 

25 

1.0 

3.5625 

1.5625 

0 

0 

205 

6.55 

120 

13 

0.5 

4.5 

2.0 

25 

4,5 

1.0 

3.0 

1.0 

4.1875 

21875 

0 

a2 

25 

7,5 

13.0 

14 


5.25 

ZS 

275 

5.25 

1.0 

4.0 

1.0 

4.875 

2875 

0 

0 

28 

28 

14.0 

15 

1.0 

6.0 

3.0 

20 

ao 

20 

5,0 

4.125 

5.625 

2625 

lao 

0 

5,7625 

16.2875 15.0 








CREEP FACTOR (F c > EFFECTIVE CREEP STRAIN { ? c ) 




Figure B.4-3: Creep Definition for Plastic-Creep Problem 
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INPUT DATA 


) 


) 


) 


C/RD • 

^UMtrfcK' 


U 

K 


tr 

7 




10 

n 



13 

14 

15- 

lf» 

l? 

1* 

20 

21- 

2? 

23 

“05 2‘* - 

* ?f 

-S* 26 

J 2-7- 

?. P 


— 3 "> 

31 

32 

24 

35 

— 3tr 

3? 

3f J 

-~CA 

40 
A- 1 


TITLE 

CL'lT 

^-f+rtrt- 


hL^ACt CYCLIC PLASTIC-CKHE d CHECKOUT PkQfcLSM 
LUAU ELEMENT, 15 LuAO INCREMENTS 
— 


P P'Jtf 2 
SOLU • C C<*0 1 

thtttfiw 25 

PRU 1 -1 

PH2 1 -1 2 -1 3 -1 * -1 5-1 6 -1 7 — 1 fl — 1 9 — 1 10 *1 11 -1 

■VT-fft-r 

0*71 1 

IMLOULUS 1*1 2,2 3*2*5 4*3 5,3*5 5*4,1 6*4 7„2 8,1*25 

<r±v i <r, 1—25 — *tV t -2 12,3*675 — 13 ,4*5— !4, 5 .25 15,3 

I POISSON 0,*3 

IETLaIN 1*0 2 , *3 3 * *9 4,1.05 4„5*l*5 5,1*3 6,2*3 7,2*3 

jy, t — tc^-t-s-19 — 12 r2v03 — 13 , 2*5 — t4y2^* 15* 5 **625 — 

ELASTIC l,t 

PTk L SP 

■ I r.z trir — ^r* 2 — 3> 2 — ®rCv 5 

KSHAPt 0,0 1,1 3,2 9,3*5 
Ckeip i,:, 

nr % t* * r* 30y 2 

CTUf D 

CFACTcif. Jtl 3,1 ll*^ 

-t'-.t’ii-z — l 0 *v * — vf r! 

r;L.Ot 2 ifU 

NlXE 3 1,1 

+4H-t 4 — rtri 

POUAU U» 1.0 C 1* 

5\C’J/ 0 1 Di> 1,0 a. i 

■OU«i> — 3 J i-f lr? ,3,4— 

i PC 1,2 2,2 3,2 4*2 

nfTLt; LLAU INCKEMcNT 1 

"L~F- At-T — -i -b 3 * — _ l> * v* 

CLl^O 1 3,2*1 • 4,2,1* 

TILLED 1 l.v 1,2*3,- 

-£Lt^U J- irlrl'i %« — ^ — 1 — 

1 TITLE load iJVCkll-KLr.T 2 
C'l IMF b. 

L Fa Erl — ~n: tr,0 — 3 

ITlTLt: L LA H INCKtMvMT 3 

LPaCT 3*55 , j t*3 4 

*Mi-t-tt^tr-'tNeP.’ErttrNT-4 

LF;CT b.K * C 0,0 5 

CTl'il 

-M f-T fc-tr Li rft £>*— l rttrh-E Mtrf rf— 5 

LfACT 7*3 ,f» 0,0 6 

1 7 i ILl Lc/u i NCR^ mENT 6 

-t :4 a G7 -7^ ,f> 4 , V 7 

111 ILL LLAL I'JCft'iMEN F 7 


! 

i 

i 


I — t 


) 


) 


) 


1 




31 

52 


5 3 


55 

-5tr 


. 57 
5b 

-* W 
6<J 

bl 

~fc2* 


63 


6^ 
"6 5* 
66 
ft? 

6 fcr 
69 
7U 
- 71 - 


I^PUT DATA 


SOL U .COCCI A i f C T ? 1CAUSES IMMEDIATE STIFFNESS UPDATE FCR IMCR 7 
1 TITLE: LOAD INCREMENT b 

‘bf-A 01 ^ri'r — — rt? C fC E- -C -6 

1 TITLE LOAD I NC!4c.M CMT « 

LFACT 1-5 ,v. 0*0 9. -0.2 

C-Ti 1-fr- — * 

HI I’LL LUFU INCKlMLnF 10 

LI-ACT 3 . ft 5 f J L iO 10. C 

-1-ltrlrf— trCAD-JPrt!<f«Lrr7 , “l:l 

LFACT 5-3 ,0 C T 0 A. 5 -0.3 

C 1 1 M L 10. 

-FT i- T L-c-bL^u "INOR SEMt-N T “12 

LFALl 6.55 T C L*t. 12. U 

linu load INCREMENT 13 

trF^trT ?“5 fO f T ? 0 I3T Ov2 

1 1 1 TL c LOAD INCREMENT JA 

L fa cl 1 0 J*r ia. o 

-I-T-I-T MCftEh-ttf T -1 5 

l fact io.2fi?3,u 0,0 15 - 0 

L T I K l 10* 

-trLM 


i 


1 

| 


CD 

r 

10 


| 


~ — , j 

TITlL tGFACE CYCLIC F LA ST1C-CKEEP CHECKOUT PROP LEM PAGE I f 

CONTINUE UUAD FLFF. l »NF, 15 U.’AU INCREMENTS f 


MUMbPF OF OEGPhrC C c FPtf.UUtf PER NCOb = 2 

■~6uPACLr HTL-L— AS’SUMt— ltK’L-Y -h-fr j tKi*t-WtN-L"i^JbAR IT V 1 Lr^SCLV ir TriS PROBLEM — 

MAXIMUM SPIC1F1LD EAKU\ rOKM = 1 .OCbCOfc-05 

SOLDI JON “Mb! -tV— s- * 

MAXIMUM NU* SlJrrMfSS dK'ATLS K IVOR 1 NrUT = 1 

MAXIMUM NU+’M'-r K t r IIlK/ljLMSbLFuKf UPDATE O.Nt: = 13 

•— — l^OM- MUMrr- P— C’** — 1 T i L*. , S~bfcrHrPr~ UPltAl t" TWO '■=■• ' ICr 

MAXIMUM NUM r -* K LF ITEf ATILNS UEFOI.E 'JPL r A I r THREE AftflJ UP “ 10 

MAXlM-6 ILASTJl IUPpTHJNS PlR IMIRcHwM ® 2 

~ — MAXIMUM FAf-Nf TUDr-rLP^tLASTlu-PlASlK SUM CEDE - ? 

p. A X 1 tt UP K i OL1C lkhi s i 

CCMR K»LNC- REJUcTRN FM 70 K = t . •. C C '. C F-f 1 
FPAC l IL‘6* F^lt^* LNi^trr — 10 ~ v / llv 1 c~ SLOPE ~ T ; CtOL’Ot-Ot 




/ 


) 


) 


) 


} 


TULL fcC^ACh CYCLIC PLA b 1 J C-CRc E P CHECKOUT PROBLEM 

‘/TITLE 

r ^ ^ ~ ~ ~ ~ 


PAGE a 

VARIABLE STRUCTURE NUMBER = 1 


PAR A^T Err *rl -A-HrE- HAT tLp ±\i ■Ktr-b+i * M 

0 - C; 0 . i- 

L-LuCt^uE i- 0 I . GO Ci* 3C 

3 • vt'OUvF — Tr^r ?-nrrCrrrct — t-C r~ - — h 

9.0<iCCi(,E 10 a.EOOCi'C C-0 

T P r** PPP t TU Mr Tnr i r 

P A k A M t T t K ISOTROPIC SAf-UL r j 1 ,\ G 

O * 7 f 1 « — vO — " 

3.1^ f 'i.'t f'U CO 

v.tii *L t U* 3.S< CLCE GO 


PA F Af- I.T t \ K I COM/ TIC HARDENING SHAPE 

O.L i. . + ,f 

1 . u uvi'P- V‘j 1 s-t'- r - C“’rr=— {*0 

?. .tVA Ct M> 4-(O0,T0L f, 0 

9,;:.; v oe c.o 2.51 u-cb cg 


00 MATERIAL Nu- 1 tCPL£P type 



J 


1 3 ^E GF'b-t-P— Vt rrA-I^ 

l.TGt.OL < 1 1-TGC-t't te 
3 * v « -v m — r i r -“».-ur(-L-= — crer- 


MAU-UL ^0* It TEMPERATUKE = 0.0 

il ^ L S5 [C-R — 

C * • 1 . C C G £ Cc 

3 ♦ . - C -j C- 1 ./v Jf-CuOL f :G 
] , r v-C-T-f-l— ^vOC^b-t-c 

MAUMH A'U. it TLM S-kATUf'.E = ^ . 0 

■ tT^cSS CREEP-PACT OR- 

L . C l.^ttc tO 

uC U.'GCub GO 

— ] . ! •’ ? v E - « VI V v M f f r f? i — V U 


n T J 7 L f tiO^A c r - CYL L 3 L P L A L T 1 C-C R f ~ EP CHt.CKUUT PROBLEM 

J VTjlLL 




Ac 00 ** 
NC- I.D* 

1 }-•- 

i 7 

1 3 


XI 

frrv 

i. C! CCL- (i 

1 G 


X? 

Tf * "■ 

c , J 

3 . ^ i • tj o C f 1 (f 


“l.V.rC’V 



0 . u 

f .0 

a /. 


CLGf-n* 
LOCATE 
} - ~ 
1 
1 

■ 1 - - 


P AG b 

VARIABLE STRUCTURE NUMBER = 1 


CUORO . 
DISPLACE 

L 

L 



) 


TITLE 

VIITLE 


&UPAC t CYCLIC PLASTIC-CkEEP CHECKOUT PROBLEM 


PAGE 

VARIABLE STRUCTURE NUMBER 


5 

1 


CLEMENT ************ CORNER NODES ************ VOLUME NAP 

ML*. I*D. HAIL Ml M2 Ni N4 hb N6 N7 Nfi 1ST. LINE) CODE **************** INTERMEDIATE EDGE NODES ***************** 

1 3 1 2 $ * 1 .TtOt>O*~C0 — t — ■ 


SUM CF ELEMENT VOLUMES 


I.UDCCE m> 


BEGIN GFCRHS 


CPU = CCSOC: l 1-062 


TOD * 23t3*:53 


TITLE 

VT ITLt 


LOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


PAGE 

VARIABLE STRUCTURE NUMBER 


* 

1 


1 

NO. I 

NT REFERENCE POINT 

.0. NO. TYPE XI 

X2 


X3 

COORD* 

LOCATE 

CCORO. 

DISPLACE 

INTEGRATION 
SCHEME CODES 



"" " 1 


— 

7tWJC"v| 

y -vOvc 

Tl 

n v*w 

I 

c 

Z 



O® END 
* 

GFC'AMS 

CPU 

« OOSDGt 11.261 

TCD 

B 

23-35100 






f 9EGIM 

HtKGf 

CPU 

= CrO:0C : 1 1 .2t d 

TOD 

* 

23:3s:M 






*Mi 












O cl? IT? 

CPU 

— 0 V * fc’W * 1 1 •* ^ t 

— Ttrtr- 


“MriSTCt 






STIFFNESS GCNtRATICN 

COMPLETED. 10 

PARTITIONS WRITTEN. 






ENO 

GE'-Pb 

CPU 

i C?:00: 11.376 

TOP 

- 

23:33:02 






MtGlN 11 

“PtMSCK 

LFU" 

— ilOa 

"■* TOD” 

** 

'23T35TC2 






END 

MtkSOR 

CPU 

- ufc:CGiil**2* 

TCD 

i 

a 

23135:03 






fcNO 

«EF*Gt 

CPU 

~ OCSG0Sll«*34 

TCD 

c 

23:3503 






A l^rtTT V R VC r r\L-*»T * 

■ " ■ * . 



1 






begin 

DECOMP 

CPU 

- OUsOuslI.^Nl 

TCD 

=r 

23: 35s 03 






fcMD 

C L CUM P 

CPU 

* 00500:11.511 

TOD 

B 

23 1 3MC3 







"rtftttK 




J " 

23.3S.C* 






LNU 

SflGlCK 



TOD 

a 

23:33:1 6 






fcoirj 

E.IGSCK 

CPU 

= 00:CC: 

TCD 

s 

23:35116 







rrmrs-v 


un-=-2J.3^tr?- 














i , 

V “ 


TITLE StiPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
VTITLE 


PAGE 

variable structure number 

INCREMENT-NUMBER- 


— PA K A M PT£MS-FttR-T-H l S- I N fci ' . C HtN T — — . 

. COEFFICIENT FOR CONCENTRATED LOAD SET ONE » 1.299999E 00 

CiffcFUClfcNT FOR DISTRIBUTED LlXAt* SET ONE = olo 

cotEFicitxT fcr rasTkjtirren load set two - c.o 

— tt+Ft" XC 1 t-*vT — rO-fr-Nt-f-n t — TEMPfrkM Hft-fc — SET -? .trOOtiOfrE — &0~ 

; COfcrFiCItNT FOR NCfM/C STRtSS^STRAlN SET « 0.0 

TriANXUTJCUAI. ACCLLEkMIC'* (LSMGTh/T IMS/ TIME) = 0.0 

—A* C-eLwn V tEC-C tT-Y-Ft-^VftrWTit-'TS/T 1 1H 0. J — 

ANGULAR ACLEttkATlCN t r.i VjULUl IUUS/UMt/T 1ME ) = 0.0 

CfttLP TIME * C.O 


TITLE 

vtitle 


t-OPACc CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


PAGE 

VARIABLE STRUCTURE NUMBER * 
-T NCRfcMcNT— NUMB ER-=- 


« CONCENTRATED NGDaL LOAD SETS 

£J ~ — S CT-NtTi MlLiU E — I ' . tJ S CUMPLIN T NT 

1 3 2 


l.COluOF OC 
I.CUOOCE 00 


DISPLACEMENT 

DISPLACEMENT 



TITLE ECPACfc CYCLIC PLASTIC^CREEP CHECKOUT PROBLEM 
VTITU 

-IT* TL+ LOftL*— I NC R EH tNT I — 


PAGE 

VARIABLE STRUCTURE NUMBER 
"INCREMENT- NUMBER - 


THERMAL M CDAL LOAD SET 


fi’wUt I«D« 




n 


\ 


n 


mu 

wins 


b CP ACE CYCLIC PUSTJC-CRIEP CHECKOUT PROBLEM 


— IWtJr 

- tt At* ■■ — 

NORMAL STRESS/STRAtN CLEMENT LOAD SET 


EL£«SNT 


COMPONENT - • COMPONENT 


NUMUER 

NSCCDE 

ONE TUG 




fc ™T*WUCfcUt t?U' V*M ' 



ICAUS 

CPU » 00*00*12.276 TOO » 

23*35*27 

fcfcD 

tCAOS 

CPU * 01*1.0*12.360 TOD » 

23:35:26 


3 

of 


TITLE 

VTITLS 

-iftfte- 


itOPACc CYCLIC PLASTIC-CP.fcEP CHECKOUT PR06LFH 
LOAD I N CftE M P H- T -- !- — — 


8PGIN 
“END 


SOLN 

-Stt-Y- 


CPU * wL:cO:i2.39o 
C T u - S fr fj C* K ‘ .53 *— 


TOD *23:35:29 
“TOD * 23 :35:i9” 


O 


SB. 


BEGIN ELLOUP 


CPU * OCtCC: 12.44V 


TOD * 23*35:2*9 


EMD ELLCCP CPU *■ C5*«C*12.53<> 

3. P 3Ttt)L - 01 


TOD = 23*35:3? 


-kt-SHHIA fc N ORM 
bEGIN SULN 


CPU * CC:D?:l?.SA3 


TOD * 23*35*30 


END 

bSOtN- 


SOLN 
I LLOU P- 


CPU ■ 00*00* S2. 576 
CPU * Cb tl 'O : Lg.SU. 


TOO = 23*35*30 


ENO 


ELLCCP 


CPU = OuSCO* 12.679 


TOU • 23*35*32 


RESIDUAL NORM • 
END SOLN 


2.T1E52E-01 

— — C P U * 00 *0 0 8 12. 682- 


CPU * 00*00*12.712 


-T OD » 33: 33*32- 
TQli * 23:33*32 


BEGIN ELLLUP 

-tMO tltOSP 

RESIDUAL NCS.M = 


U»U * CC‘* '0*12.722 
C P U = <0 *70*1 2VttV- 
3.937500-01 


TOD • 23*35:32 
700-^-23*35*33- 


EEG1V ELLUJP 
-END EttOUf 


CPU * l>u*b0*12.822 


TOU * 23*35*33 
>-B-23*3t*»D- 


HEUDUAL NORM = 1 .725t-lfc-u7 


>- ^ ' : > ■- ■. - X .... 

. PACE 10 
VARIABLE STRUCTURE NUMBER • 1 

INCHEHENT-TtyHOER • 1- 


PAGE U 
VARIABLE STRUCTURE NUMBER « 1 

increment-number-* 1 







I TITLE 

1 VTJTLt 

* -IfiTt-fr- 


RuPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


PAG t 

VARIABLE STRUCTURE NUMBER * 
-I NCREMEM NUM6ER-*- 



c N 0 OF LOAD INCREMENT 


NO. ELASTIC INTEGRATION POINTS = 4'» NC. PLASTIC INTEGRATION POINTS =0 

, INTEGRATION POINTS HAVE CHANGED ELASTIC TO PLASTIC, 0 INTEGRATION POINTS PLASTIC TO ELASTIC OURING THIS INCREMENT 

-SKr&I rl e r »-H A,Vj - - f rt r i - S TI FFNES S - U P DATES l>-NDs-UPbATES PERFORMED-* — 0 

SPECIFIED VAX. I.C., ITERATION'S PER UPDATE = 10 ID 10, NU. ITERATIUNS PERFORMED SINCE LAST UPDATE = * 

SPECIFIED MAX. UNF.ALANCfcB-FCKCE ERROR = 1.0C00E-C-5, ACTUAL ERROR = 1.7256E-07 


BEGIN 6IGSCK 


i.EGIN CUTPUT 


. Ov sues 12. 


TOD = 23S3BS3 



CPU = 0C-tC0:i3.lAS TUD = 23t3S**l 



TITLE 

VTITlE 


SOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


PAGE 

VARIABLE STRUCTURE HUMBER 
-INCRCMENT-NUMBER- 


CUMULAT1VL internal forces and displacements 


** NuDE ** ».***»*=** „^»* F jKCfcS ***************** 

NO. t.O. U V W 

— 1 — — I— — -trr*F?*rBt.9tr-D 7 — 

2 ,2 1 •liC>7V2*'7L—fc7 -9.VV90VUi.-Ul, 

3 3 S.?«iV52?iE— U7 V.yvvVVoAE-Dl 


***** ******** 
U 

-tr.-tr 


DISPLACEMENTS 

V 

-1Y.0 — 


************* 

w 


7.152557VL— 07 D.u 
1.2SI«.<*7BE-vo 1.2**V0992E CO 

tf. 24S3*jR2E-u7- '1.2V99992E -f}U~ 








> 






TiriF fcCPACE CYCLIC PLA ST IC-<REEP CHECKOUT PROBLEM 

VTITic 

-iTiftt — tu*f » i ft CRE f i sNf- i — r* — - 


PACE H 
VARIABLE STRUCTURE NUMBER * 1 

|«eR£MtMT-NUMBEft-» i~ 



fftmt 
CUH. STRESS 
Z.OCCuE CO 


XK YV ZZ RY X2 

2.ZY25E-0T 2.00GTE GO -2.2V25E-07 5.23*56-07 0.0 


YZ 

0.0 


^ttWLNT^— ^ 

l 3 5 4 


INCR. STRESS 
2. COO Sfc CG 


XX yy 22 XY XI 

2.2V25E-0T 2.C0GCE GO -2.2V2SE-0T 5.23*56-07 0.0 


YZ 

C.O 




NL» 


I.C* YC. TP. 
3 5 4 


XX YY 22 XV X2 

-3.0G0GL-01 i.OGtiit GO -3.C0C0E-OI 3.<*024£-07 0.0 


Y2 

0.0 


bLt&zhV- P OI NT- 

W. I#v. NC. TP. 

1 3 5 4 


XX YY 22 XY XZ 

-3.GCG5L-GI i.OCOCt CG -3.C00CE-01 3.402*6-07 0.0 


YZ 

0*0 


-JL — ILt rftrft T - - P OI N T - 

O) NC* 1*0* ff C. IP. 
1 3 5 4 


Tlxstic work 
0.0 


— fctfM U LAY IV ErpfcAS TYCr-ST RAI NS " " ♦»• »♦»»»»» » »»♦»» »* »»» - 
XX YY 22 XY XZ p- YZ 

0*0 O.G 0*0 0.0 0.0 0*0 


ITi.d.:. vo. TP. 
1 3 5 4 . 


PLASTIC WORK 

t.G 


XX 

0.0 


YY 

0.0 


22 

O.G 


XY 

0.0 


XZ 

0.0 


YZ 

0.0 


N L tPEN T PtrTVP- 

NCJ. 1*0. NO. TP. 

1 3 5 4 


-CURUfAMVc — — •***♦♦* **•*♦♦***♦****♦— CoHULATjVfc-<3<tEf^-5TR«HS— *******••*♦♦*«*•*••♦* 

CR«P MCKK XX YY ZZ XY XZ YZ 

G.O 0.0 0.0 0.0 0.0 0.0 C.O 


— P GI MT- 

NO. I.D. NO. TP. 

1 3 5 4: 


CREEP WCRK 
O.C 


XX 

0.0 


YY 

0*0 


Z7 

C.O 


XY 

0.0 


XZ 

0.0 


YZ 

0.0 


-trMrM C N T — Htl'il - 

Kt . x . r . NO • T P . 

1 3 5 4 




CCGE CL'OS 
C -2 


TOTAL SlhAXN 
E »nb6 fE— Cl 


******** — GUMULATlV E ^ TC fAt— STRAINS- 
XX YY 22 XY X2 

5.«6f*5E-Q7 1.32GCE CO O.G 3.402*6-07 O.G 


YZ 

0.0 




i 




- — FAKMttrTt 


COEFFICIENT F2K CuVC5MtRATEt» LOAD 


CCfcFF ICISNT fi,R OUTRItUltD UJAD SET C.\t 
COEFFiCIfeNT F«« jUrF.JtJTFO tCAt« SET IHO 

coefficient fcr stress/strain set 

•(HANilATICMC aCCclEKaTIUN (LENOTh/f IMfc/UME) 

- ANCUt Ak -vec ecn V < h fr Vt-tt HlUWE/ TIM6-> 

ANGULAR ACLELiRATKM IkfcVCLUl JUNS/ I IMt/TIMF I 
CRfcff Tm 


2.7ooQ<»ve 00 


C.O 

0.t> 

— 3.tt?fc00 t r£ "00 - 
C.O 
0.0 



0.0 

S.OCtCCCE CO 


BEGIN LCAOS 


7it g r t?;tr*>I — TOP~= 



ERO — 




ELLt'fcP 


CPU * di:;C*13*80t TOO * 23t35;50 


tNO SCtN 


ENIi EUCCP 


CPU * OtuCO f 13 .Mih TOO « 23;3!>spo 


CPU * OOSCOs TOO * 23S35J50 




RESIDUAL NORM * 3*335Ufc-01 

-bEGIh tWr C -fr U~ g ~OC 


CPU * < ( v*533* 13*^30 TCD - 23:35251 


fc*D SGLU 


CPU * GG:GG:13,564 TOO * 23:35:51 


BEGIN ELLOCP 


CPU = 00*302 13. <*64 TOD * 232 35:51 


RESIDUAL NORH * e>*7 l*47EHit 


3^3^255 


bt&I* ELLCUP 


CPU * £0:00:14*070 TOU * 23:35252 


RESIDUAL fcGRK *• 7.73630L-U2 


-*^3*35*5-3- 


6EG1M SCLN 


CPU * 0t:00tl^*l75 TOO * 23:35:53 


-10Xt^Z3?3UZ*- 


ELGIN CLLODP 


CPU * CG2CC 2 14.203 TDD * 23:35*5t 




NK<4 









B. 4|-20 


) 


TITLE BOP 
VTITLE 

— LOAD 


BUPACfc CVCLIL PLASTIC-CREEP CHECKOUT PROBLEM 


STIFPPESS GENfcRATICN CCHPLETEO. 


lCf PARTITIONS written. 


BEGIN HER* OK 


CPU * 


TOO «■ 23* 36*E-6 


HCRSOR 


CPU « 06*60*15.05* 


TOO * 23*3*.*C7 


-Ttu-*-*s*36**T 


NAJUPUH WAVEFRONT « 


9 NODES AT INTERNAL NOOE 


BEGIN DfcClMF 


CPU *■ 00*00*15. 10» 


TOO m 23:3o*07 


-TOP- « 2 3*36 it 


BEGIN PIGSCK 


CPU « Cif.SC0tl5.l62 


TOO * 23*36*09 


BIGSCK 


CPU « 00*00*15.212 


TCI) * 23*36*09 


BEGIN MERGE 


o « -a o r ffo*ls y2i* 


“T0D-*“23 *3 6*09 - 


BEGIN CENR8 


CPU « 00*60*15.21$ 


TOD * 23*36*00 


STIFFNESS GENERATION COMPLETED, 


16 PARTITIONS WRIT TEN* 


-TtJD— «— 23*36*11- 


P.FGIN MSRSOR 


CPU * 66*00*15.311 


TCP * 23*36*12 


£*JD KtftSCR 


CPU * 00*00*15. 351 


TOD * 23*36*13 


-TOO -*-33*36*13- 


KAXlfiOrt PAVEPfiuNT « * NODES AT INTERNAL NODE 


tEMN DECCMP 


CPU ■ C6tC'C-*15.«,P5 


TOD * 23*36*13 




TOP-* -23 *3 6*1* — 


BEGIN OlGStK 


CPU * OCiCCS 15.975 


TOD * 23*36*14 









NO. ELASTIC INTEGRATION PUNTS * O, NC. PLASTIC INTEGRATION POINTS « * 

-A. INTEGRATION POINTS HAVE ChANGEO ELASTIC TO PLASTIC, 0 INTEGRATION POINTS PLASTIC 1© ELASTIC DURING THIS INCREMENT 

— — SPEC-frH-iHE-KA A* -h O - .— SW ft,E-S S - U PDATES-* 1 « - NO.— UPU AT E5— PERFORMED- = — — — j- — *- 

SFaCI PIED PAX. f.t. ITcRrT IONS- PUt UPDATE = 10 10 10, NO. ITERATIONS PERFORMED SINCE LAST UPDATE « 2 

SPECIFIED MAX. UN£ AL A MC'L U— F C hC fc ERROR * 1.CCCCE-C5, ACTUAL fRROR = ®.G762t-C7 


M GIM i'JCSCK 


CPU * liv iuOJlS.SbT 


TOD * ZSS3RJU 


-TE*Er «-23S3t>s2‘> -- 


BEGIN OUTPUT 


CPU = 0L1C0J16.C14 


TOO « ?3:j»bt2o 


TITLE 

VTITLE 


ELPACE CYCLIC PLASTIC-CREEP LhFCROUT PROBLEM 


PAGE 

VARIABLE STRUCTURE NUMBER 
— i— 1 K.EEM fcNT-NUMB ER- 


CUPULATIVE INTERNAL FORCES AND DISPLACEMENTS 


** MOLE ** m*,,,*,,,*,*,,* FURCKS **«,**»**•«****»* 

NU. T.D. U V W 

1 - — — ~ 

z **^7*7*5-06 -1 * 2 t>UK*CG£ CO 

> 3 fu 

^ ■■■u r* — vb“^u * * — ~ 


************* OliPL^ttHtiNTS ************* 

u v w 

— ^ -u*o ~ — 

—1 # 7^C -**27fc— yO > r Aw 
-3*32211 13 fc-*7 00 

vO — 





2-KB 


fllt£ bOPACE CYCLIC FLASTIC-LPEEP CHECKOUT PROblEH 
PTIILE 




— fctrfcWE+rT pjJINf- 

m» i.o. wo. ip. 
13 S * 


- tu ai fc M T— ■ — POI N T * 
NC. 1.0. WO. IP. 

1 3 5 4 


if 


Page a 

VARIABLE STRUCTURE IflMBfeU « I 

INCREMfcNT-NL ’BEK-" «- 


— EFFECT IVE" 
CUK. STRESS 
P.SOCOk 00 


ttlWtfftVE-STltfSlES — •#*•*•#•*•***#*•***• 
XX VV - ZZ XV XI . V2 

.Mise-Cft Z.SOGGE 00 -4.SU50E-06 2.60395-10 0.0 0.6 


—EFFECTIVE — ♦**#**<*****•*••••*••***• — lNCKEMtNTAt-STUbS5bS — •*••***•*•*«•*«***•**•*•- 

INCA. STRESS XX VV ZZ XV XZ 

b.OOOOE-Ol -5.1C06C-06 5.0ttCt-Gl -4.3557E-06 -5.2319E-07 0.0 C.6 


S I E M SM T Pg l W T - 

fiO. 1.0. VO. TP. 

1 3 5 4 


**XX* ******** VV CUWtATIVt— EUAST IC^STRAtHS ^ y2 

— 3.000 JE— 01 1.C0CT6 00 -3.00G0S-01 1.354DE-10 O.U 0.0 


— E t -tHEtr E - P tM N T - 

Nt. 1.0. NC. TP. 

1 3 5 4 


-*■»*.••*«*•*•»•«*••** — JNCRtPEWTAL-EtASTlC-STRrtWS — •••*****••******•**•*- 

XX VV 12 XV xz 

. -J.43C5E-06 3*s763E-07 -7.7486E*Ci7 -3.40115"07 0.0 0.0 


-AO ttEH EW T — PCIWT- 

MO. 1.0. MO. TP. 

1 3 5 * 


— CUW0LAT1VC- - 6 W»»66»»»»6<»6»4»6» — CUMULATIVE— PtASTTO— STRAINS — »*■*•••*♦•*••#••••#•♦< 
PLASTIC WORK XX VV 11 XV XZ * VZ 

1 . 12 M.E CO — 2.5C0CE— 51 S.wCCl.E-51 -2.55iuE-Gl V.eibbE-Cb O.u 0.0 


■ ELEMENT— P O - I tr T — 

NO. 1.0. NO. TP. 

1 • 3 5 4 


-INCREMENTAL- **•♦•**♦**•*••*•**»*— jNCkENEMTAt— PLASTIC— STRAIN*— •*•*•*•*•••*•••••*•**- 

PLASTIC WORK XX VY 21 XV XZ VZ 

1.12505 CO — 2.500CE— 01 S.OGcUE-Gl -2.5000E-01 9.0166E-08 0.0 0.0 


i 3 5 A 


NU. 1.0. 
1 3 


P 01 M T - 


WO. TP. 

S 4 


— ELENfc 

Mo. 1.0. no. TP. 
1 3 5 4 


-CUMULATIVE •*.«.**•**•••#.•**••**— C-yM t K.ATlVfc-eREEP-STRA IMS — '>******•*♦••••« 

CREEP WORK XX VV 11 XV X. VZ 

l.lZSOt 00 -2.5CCCE-C1 b.COCCt-Ol -2.50G0E-O1 9.6166E-G8 0.0 0.0 


-IMCREHtMTAL:’' ***+***•+** *+* • ***. *+• — INCREMENTAL- CREEP- STRAINS— ******•**♦•**•♦**•*••« 

CREEP WCRK XX VV 22 XV XZ VZ 

1.125CE LO -2.5f0tt-01 5.CCtt>E-Gl -2.5CCGE-01 9.H166E-68 0.0 “ C.O 


r * .a* . r r i* ..., 

cum ter A 

CODE CCnt TOTAL STRAIN 
1 2 1.06670 CO 


A***'*****************— CUMtlLATXVE-TOTAE-STRAiNS — ■*•*♦♦♦♦••**••#**•*♦•• 

XX VV ZZ XV XZ VZ 

-7.152*>E-C*7 Z.bCCOE CO 0.0 li965lE-07 O.t 0.0 


TITLE EGPACE CYCLIC PLASTiC-CkfcSP CHECKOUT PROBLEM PAGE 23 

VT1TLE VARIABLE STRUCTURE NUMBER « 1 

| mi Hr- — LfcAf— If iCKC Wt^ T -? — — ItARtHENV NUMBER -« — 2' 

• LLtKtNT - -H 3i tr T - vttte TKtfl **** - EPP£CTlVS — R.A$TlvrSTftRINS*‘**** — ***** - €f EfcCTIVt • CREEP-STRAINS ****♦- 

NO. 1.0. MO. TP. STRESS CTR. STRESS ST It INCREMENTAL SUN 1NCR. CUMULATIVE INCREMENTAL SUN INCR. CUMULATIVE 

1 3 5 A S.OOOGt-Ol E.OOOOtr liO S.OCOOE-Ol S.OOtOE-CI 5.000CE-01 S.6600E-C1 5.0000E>Ut 5.00006-11 


-fctFME N T — ■P t rt w T - — — CUM UfcA-H-Vt **** CUMULATIVE*? MtP.NAt— ST RAINS -***• 


NC. I.D. NO. TP. 

I ■. F A . 

TEMPERATURE 
3.660.6 TO ... 

XX 

P.OOOCE-Cl 

YV 

e.cccot-oi 

ZL 

6*C000E-Ul 



END OUTPUT CPU * 60* jC* 16.120 TOD * ?3*36*2R 


f 

i 


i 


■C 

-I- 

ro 

Co 





TITLE LOPACE CYCLIC PLASTIC-CREEP CHFCXEUT PROBLEM 
VTITLE 

A ITITtrt- — LOAD • INC P .SMeNT -S — — “ 

— — PARAMET ERS P OR - T H lt I W CRI MEMT — 


COEFFICIENT Pt-R ClNCEWTKATtD LUAO SET ONE 
— — CL IFF ICrtNl— F UR ~ CL 'PCrM-TKAl tV-tU A t » S~£~T~ — TWO- 
C0EFPJC1ENT fuR UISTkIlUTEO LOAD StT ONE 
COtFF JCllMT FOK r.JSTKltuTLO LOAD UT TfclJ 

CuEPT tHEMT-F r* wctrAtr f ’ J MPtrRrTcH 


* 


S.SAVV9VE 00 

"?.Cr 

a.o 

0.0 

. g CDPCO fc-Ofr 


COEFFICIENT FOR KCPMAL STKtSS/S TRAIN SET * C.t 

TRANSLATIONAL ACCfclfR*TIt.N ILLNGTH/T lMfc/TJMt) = O.ft 

AN6L-L/'(t-Vt-L6t.F T V Hr v O irUT 1U N S/T I Hrl -- V.Cr- 

ANCl’LAR ACCELERATION tFtVLLUTIONS/TIME/TlMEI = C.O 

CRELF TI«L = O.C 


BE0JN 

LOADS 

CFC - 0CS6C *16.^10 

TOD - 23:36=32 

— 


U'J - 

jwVT “ Z3. 






PAGE 2A 
VARIABLE STRUCTURE. NUMBER * 1 
INCREMENT-NUMBER—*- — 3 








BE&IM SCLPv 


C*U,» CC*wC»lt..tS9 


IDO * 23:36; 36. 




IOD-» 23*3M33r- 


bEBI* LlcQiJP 


CPU * ClituOSlb.SO* 


TOD * 23:3bi35 


EILGUP 


CPU * CC: -0:16.676 


TOO » 23:36* 36 


- — R&SHrtfM 


SERI* SUN 


CPU * OOSCC:16.67-? 


TOO « 23:36:36 


BEGIN ttttct 


CPC* » 02:-.C:ib.7l3 


TOD * 23 :3o: 36 
-TOO"* 23:36:37' 


ELLUP 


CPU * liuStCSlft.'lv*? 


TOD * 23:36538 


OP RESIDUAL NOhH 


i.6S<.cce-oi 


CPU * €6 ICO: 16*832 


TOD ■ 23:36:38 


85GI* SLcL’OP 


CPU - UlCOMh.Pib 


TOO * 23i3b:3'» 


RESIDUAL ftCRK * 5 .*66v6fc-U2 


ran 


BEDIM SUCH 


CPU c 0w:CC:l6.V3V 


TUO * 23:36:60 


BEGIN ELLCCP 


CPU * S0:iu:io.6?v 


TOO * 23:36:60 


ELLCCP 


CPU = GClUMlT.Oo? 


TOO * 23:36:62 


-RESIDUAE"*?* 


btClN SUN 


cpu * cu*ce:i>.L?E 


TOD * 23:36:62 



DACE 

VARIABLE STRUCTURE NUffbtR • 
INCKtDfcNT-WVAWEII-* 





O S~*' 

■ v— ■■ • C 

) ■ . ) ' > 






mu EtPACE CYCLIC PLASTIC-CREEP CHECKOUT PRGELEH PAGfc 

VTITLE VARIABLE STRUCTURL NUMBER « 




BEGIN BTGSCK 


CPU « CC*1jS17.*bA 


TOD m 23 t 3b t 4 9 


-TOD— »— 2%^36-s5< 


BEGIN OUTPUT CPU *06*00: 17.74A TOO * 2306:51 





r 


i 

i 




f - 


TITLE UOfACE CYCLIC PLASTIC— CREEP CHECKOUT PROBLEM 
VTITL 6 


PAGE 29 
VARIABLE STRUCTURE NUMBER * I 
INCREMENT ' NUMU ER-*~ 3- 


•NC. I.D. "NO. TP* 
1 3 5 * 


”cUKi^STRESS _ XX **VV****** C *^“ L AT1VE_Sf 1l ^* S£S *** ¥2 

3. OWE 00 -A.8142E-06 3.L0CCE CO G.0_ -2.371CE-11 O.l# 0.& 


— ECCMfcNT- — — POI N T - 
NO* I.D. NO. TP. 

■ r Xi-v 3 5 A 


— efpecrm- — 

IfICR. STRESS 
S.OOOCE-Cl 


XX vv 22 XV X2 

5*731 IE— Cl* 5.C000E-01 4.5P5CE-0b -2.«410E-lw 0.0 


NO* NO* TP. 

I 'i'. 3 5 - 


XX YY ZZ XY X2 

-3.00005—01 l.CutCF CO -3.000CE-G1 -L.027*E-1I 0.0 


- — -P OI N T — 

NO. 1.0. NO.. TP. 

J® ' 1 .■ A 


XX VV ' ZZ XY X2 

0.0 -e.YR07E-07 I.6685E-C0 -l.R56bt-10 0.0 


Mi. |.l*. NO. TP. 
1 3 S A 


— C-OMUt*T-TVe ******* 1 , 4 * 4 *. ** 4 ** 4 .* — tUMOtATlVE-PtASTTe-SfftA-I NS — *********************- 

PLASTIC WORK XX YY 22 XY // XZ * Y2 

2.50GCE 00 -5,00006-01 l.GSCOE GO -5.000GE-01 7.6l'abfc-0a 0.0 0.0 


Nt*. I.O. ' NO. TP. 
13 5 * 



NO. I.D. NO, TP. 
I S’: .5 4 


NO. TP. 
5 A 



-iNC-REMrNTAfc *•«****••*»*****•*.* INCREMENTAL— PLASTIC— STRAINS — ** ******************* 

PLASTIC WORK XX .. YY 22 XY XZ YZ* 

1.3750E CO -2. 50006-01 5.00GCE-C1 -24-5I»0Ut-l>l -2.1S98E-0B 0.0 0.0 


-COXUtAT-fVe— ********************** — CUMULA T I V6~CRE"£P~S1 RAT NS — ***** 

Cf.EEP WORK XX YY 22 XY XZ 

I.l2SuE CO —2.5000E— Cl S.vGUE-Ul -2.5000E-01 9.818ft6-G8 0.0 


INCREMENT At ♦****y*******T.Y*YY*Y* -INCREMENTAL— CREEP-STRAINS — ***♦*•*♦***•*♦***»**« 

CREEP WORK XX YY 22 XV XZ YZ 

o.o o.o o.o o.o e.o o.o o.o 


NL. I.D, VC* *T P . 

i . :: 3 %- a 


"6 - P ' SUM - C OW.-EF’S' *********** **»w*******--CUMULAT I Vb-TQT A L STRAINS — »**»******•***********- 

COOfc CODE TOTAL STRAIN XX YY ZZ .XY XZ YZ 

O 2 2.36B7E CO '-2.8M0E-0b ‘3. 5 5 COE Of 1.9C73E-06 1.793bF.-07 C.O 0.0 


Title 

vines 

-ITtTtrE- 


?OP»CE CYCLIC FUSTIC-CREEP CHECKOUT PROBLEM 
- to* 0- I N CRfHL t iT 3 — — — — 


PACE 30 
VARIABLE STRUCTURE NUMBER » 1 
INCREMENT* NUMBER-* 


Nu» !»!)» NO. T,P* 
I 3 5 A 


STRESS CTR. STRESS SUE 
1.0CUCE 00 2.C030E 00 


_ _ _ . . _ . -tip -STRAINS -*♦**•- 

INCREMENTAL SOM I NCR. CUMULATIVE INCREMENTAL SUM INC R. CUMULATIVE 

S.OOOOF-Wl 1.C0C0F 00 l.OUOOE 00 0.0 S.OOubE— 01 S.CGCiOL-Ol 


r.O. I.U. NO. TP. 

1 3. 5. 


TEMPERATURE 

A.COOOtOO 


-eUPUtATm-THtRM/t-SrTRAlNS-P**»- 
XX VV Zl 

l.obc-oE eo t.oscPE oo i.oseoe oo 


END 


OUTPUT 


CPU * OOSCO: 17.667 JJ TOO * 23*3615? 




19 — 

! 09 TITLE 
1 VTTUE 

* — -mrte- 


bOPACJE CYCLIC PLASTIC-CREEP CHECKOUT PKGKLEM 
— t *O Al> — INCKL H CNT A - 


PACE 31 
VARIABLE STRUCTURE NUMBER * 1 
— INCREMENT-NUMBER - * 


- — P ARA ME T ER S — P CK T lf K IHCKLWtMT — 

CCSFFICltMT FOR CONCENTRATED LOAD SET 
- — CCrl-PTC U N T PUR LCRCL W Tft/ TcC ' LOAD — SfcV 


t'NE 
-TVO- 

COCFFICIEWT FCK UISTklUTTPO LOAD SET ONE 
CL EFFICIENT PLK UIMRlLUTtU LOAD SET TWu 

- — eeePfHCi ent -f or n o dae -^ t ch pe r- atu ne — set- 


5 . 7 V 99 WE GO 

-CrC 

0.0 

0.0 

-5-.U0 000 0 5— 00- 
0.0 
0.0 

<-.0 

0*0 

A.OGOGOOE 00 


COEFFICIENT FOR NORMAL STRESS/STRAIK SET 
TRANSLATIONAL ACCELERATION I LENGTH/ f IMt/TIM.E I 

ANCULAR ACCELERATION tREVCLUUONS/TIMt/TIKE > 
CRCfP TIME 


BEGIN LOADS 
-tNU tfASS- 


CPW * 00: 00 si*. ISA TOO * 23:36*59 

C P U * 00 :8 0 * * 6 .24 0 T OD 2 3 8 3 1*00* 


-si , Tint 

• 1 VTITLE 


auPAce cvctic plastic-creep checkout problem 


- BEGIN SCLM 


BEGIN fcLLQOP 


END ELLCUP 

ftfc-SIGUA L KL ' RM -» 

BEGIN SCLN 


- END SCLN 


* END ILLUQP 


CPU * 00*00*18.293 TOD * 23:37*01 




CPU « 00*00:1 fc.333 


cpu * oo*oo*it>.4i6 

I 019L - 61 — — 

CPU — 00*00*18.423 


CPU * 00*00*18.443 


k i lirtiiTr* t l 


CPU « OC*CD: 18.526 


CO RESIDUAL NORM * 3.5f31bt-0l 


» ■■ ■ 

S ENU SCLN 


BEGIN ELLOCP 


CPU = 00:OG:l!j.5b3 


CPU * QC<:00:i&.36b 


■ I M 1 


TOO » 23:37*01 


TOO = 23*37*03 
TOD * 23*37*63 


TOD * 23*37*03 


TOO = 23*37*04 


-TOD-=-23 *37*04- 
TOD = 23*37*65 


TOD = 23:37:6b 


RESIDUAL NORM = 3.U299E-01 ,7. 


BEGIN 

SOLN 

CPU * 

n M ii t lEr m 

— — 

— CPU- 

UEGIN 

EU UUP 

CPU «■ 



ELLCUP 


BEGIN ELLtUP 


END ELLCUP 


CPU * 06*60*13.78° 


TOD 23*37*67 
-TO D ->-?3*37*OB 
TOD = 23*37*08 


TOD * 23*37*10 


CPU * OPtOu* 16.7S6 TOD * 23*37*10 


CPU * 00*00*13.886 TOD * 23*37*12 






OEnfr'a 


VT11LE 

* — 


80PACE CYCLIC PUkSTIC-CHEEP CHECKOUT PR06LEN 


. 3J 

VARIABLE ET ^ C TUftfe N U MBER » % 


DEGIN SDLN 


CPU * 00:00*16. TOO » 23)37*12 


BEGIN SLIPUP 
END SLlCCP 

Begin sou* 

end sou* 


CPU ■ G0*CG:lu.v3A 
CPU * 00*00* 15. 025 

699 3 E - O S — — 

CPU « 00*00* IV. 029 
CPU * CC* CO *15 .055 


END ELLCCP CPU * C0*C0*lV.I69 

RESIDUAL NORM * 1.0M.2PE-02 


LND SOLM 


CPU * OCSOOS1V.195 


TOD « 23*37113 
TOO » 23*3**14 

TOO « 23*37*15 
TOO » 23*37*15 
~T0D-»-23*37*t3- 
TOO ■ 23*37*18 

-TOO-=-23 * 37 * I tr~ 
TQD « 23*37*15 







END EUOCP 


CPU » OvaOO *19.538 TOO * 23*37*29 


BEGIN KEP.Gfr 


BEGIN CENKb 


CPU * 00*GC*19.5S5 


CPU * 00* 00 S 19. 583 


TOD ■ 23*37*30 


TOD * 23*37*30 




ARTMieNS-KftMTEB 


GENRB 


CPU * CC:60:l9.t>t.a 


TOD * 23*37*32 


BEGIN HEKSOR 


CPU * CC*6©*19.A7A 


TOD * 23*37*32 
-T0D-*-23*37*33- 


MERGE 


CPU a CoiOOs 19.73b 


TOD - 23*37*33 


KAX1P.UK WAVEFRONT = * NODES AT INTERNA t NODE 


-TGDr-=~ 23s3?*3A- 


* END DECOMP 


^ BEGIN LIGSCK 


CPU * COtOO* 19.841 


CPU a OC SBC *19.8*7 


TOD * 23*37*35 


TOD * 23*37*35 


BEGIN K.ERGt 


CPU = 00*00*19.901 


-T0D-»-23*37*36- 
TOD * 23*37*37 


BEGIN GENRB 


CPU a C0*06*I9.9C7 


TOD a 23*37*37 


— 1C PA RTlTION&^WKlTTEHy 


GENRS 


CPU- = 00*00*19.977 


TOD a 23*37*36 



CPU * uG*vC* 15.9BI ICO a 23*37*38 

t>C-t2iV.G*0- T0D-«--23*37 *38~ 


MEFiGE 


HAAJNUH WAVEFKONT 
^-'r-BEGlfE D E CUH P 


CPU = GO*t»0*2r..BAt- 


TCU = 23*37*36 


4 NODES AT JNigjriAL NODE 1 
;PU TOD -* 23* 37*39- 


34 

VARIABLE STRUCTURE HUMBER * 1 

- — IHCRtMcNT-HUMBERr-* *- 



> 


n 


TITLE 
VTI Lt 

UUP AC £ 

C«tK PlASTIt-CRSfP CHECKOUT PROBLEM 
» » 



PAGE 33 

VARIABLE STRUCTURE NUMBER * 1 

l 1M rvt- 







I NCR tH ENT -NUMBER ■ — — * n 

END 

DECOMP 

CPU * 

0».s00iZe.J37 

TOD = 23:37:*? 




W6JN — 
ENl: 

blCSCK 

CPU ^ 
CPU e 

"OtJSCC s^Cvlfc? — 
cos>.oszo.r-A 

- TOD~=" 23:37:4? 
TOD = 23:37*43 




BEGIN 

SUL* 

CPU C 

Du:0G:?J.240 

TOD = 73537:44 




END 

BEGIN 

~59fcW — 
tLLUOf* 

1 CPU — 
CPU S 

'Vi *CC *ifv *<.o 1 

C0:C0i?U.2?3 

TUD *■ 23 *3 i *45 
TOO * 23:37*45 




END 

ELLiLfP 

CPU - 

CDS 00 : 20.370 

TOD = 23:37: SC 




kc: juuprTU^iv^ — 

xjj — — 







Tar 

no 




C F — t I-ftf C ft n-t- 


NO. 6 LAST IC INTEGRATION POINTS 


Of nc 9 PLASTIC INTEGRATION POINTS * * 

C” Ti3 PLAETIC» C“ - INTEG^AT’IC^ H>TNTS^PtASTI€-T^etrASTIC'^)tWINtj-Tt4»--lN«£M6NT' 

SPECIFIED HAX. NL* STIFFNESS UPDATES & It NO. UPDATES &ERF3RMED * l 

SPlCIFItD WAX . NO. iTEK/lJONi PER UPDATE = K 10 1C* NO. ITERATIONS PERFORMED SINCE LAST UPDATE * l 

SPEC i PIED- MA> *— UVbAL-ANtE-D**^-£FC c“£R4UR~» — l* 0000 1 *05 *■ ACTUAL ERROR * - 7.3I44E-06 — 


ELGIN MGECK 


END MCSC K 
BEGIN OUTPUT 


CPU ^ Lu:CC:2*j.«.2G 


TOD = 23:27:51 
CPU = CCsG0tL^.A>9t> TOD t ?j:37:52 

C KT " *- ' t 7 t-r 546 TOD - 73 ? 37 : 57 ' 


UPACt CYCLIC PLASTIC-CREEP CHECKOUT PRCELEN 


TlTlt 
VTI7LL 

ITITL t LO *fy-ftte #f *tN T ~4 


CUMULATIVE INTERNAL FORCES AND IJ ISPLAtE MENTS 


PAGE 36 
VARIABLE STRUCTURE NUH&fc* * 1 
INCREHEf*T-NUMB ER- 


*m *i r J LiE ** FORCES 

NC* 1.0. U 9 

1 x 1 r. 7**44t5tr ctr- 

2 2 - t.fcCG173tF-05 -1.74VY9C5E „G 

3 3 - 1. 6* r 04* 76-05 1 . ?4S V«J L?>i: 'C 

c- — a— I.nfttWt r?fc»tr5 1. 7**jyvU5£' CO' 


4 « 4 t**Mf 4 ***M*« 


************* 

u 

-O-.tr 

-J.57C9433fc-C5 

-l, 627 ?Mn^S 


DISPLACEMENTS 

V 

"CM/ 

0.6 


********* 4 *** 

k' 


5.7v*9942fc DO 
l.f)^U 64 iot*C 6 — 5 , 7 vvvW 2 t- CO' 


i 





TITLE 6CPACE CYCLIC PUST1C-CRE5P CHECKOUT PROBLEM 
VTlTLt 


PACE 38 
VARIABLE STRUCTURE HUMBER » 1 
INCREMENT -NUNEfcR-* *r 


NC. I .D. NO. TP. 
I 3 5 4 


fit. TP. 
5 4 



STRSSS^CTR. STRESSES! 25 TnCREMENTRL^SUM^I^T^^UHULATIVE INCR^ENTAL^^UfT^NCFU^^CbMULATiyE 
1.5COQE 00 2.0000E 00 1.000C6 00 2.0CC-* 00 2.0000E GO 5.00C0E-0I l.CCCOfc 00 I.CGOOE 00 


1 ■ 


TEMPERATURE 
B.vCOOe 00 


Ot*TtVt-TTrtRMAt-STRAINS-**»^ 

XX ' vv zz 

1.3000600 1.8000E 60 1.8000E 00 


OUTPUT 


CPU * 0CSC0S20.673 TOD = 23S37S54 





r .m-j 


TITLE .BCPAGc CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
V11TLE 


8EGIN SCLN 


CPU =00*00: 21.08? TOD - 23*33:01 


-TOO- s 2 3*33*02 


BEGIN ElLCCP 


CPU = 00:00*21.122 TOO * 25*38:02 


SLLC’JP 


CPU =00:50*21.21* TOD = 23:3eifc3 


BEGIN SCLN 


CPU * 00:00:21*222 


TOD * 23 :3b: 03 


CPU * 00:00:21.252 


TOD fe 23:38:03 




“23:3C:c<r 


ELLOCP 


CPU * 00:00:21.363 TOD « 23:3F:05 


09 RESIDUAL NORM = 2.CA2C.VE-01 


t 

U 

tn END 


■ C P U - — 00 t e0 t al> - 3tu - -TOD-*-23*3C*OS- 

CPU b 00:00: 21.395 TOU * 23:38:Cfc 


BEGIN ELLCfiP 


CPU * OC:JO:2l.3«8 TOD = 23:3S:ftb 


RESIDUAL NCR* = l.AfcCBBE-CZ 


BEGIN • SOLN CPU « 


ElLCUP 



CPU * eo*‘)0*21.b01 


BEGIN SCLN 


CPU = 00:00:21. «08 


TOD * 23:3b:ll 


CPU * CO: 1 0:21. *>35 


TOD - 23:3**12 


— --BEG I h- — -Pt-fcC* 


-TOD -*-23 *3 R* 12- 




) 


'f"1 TITLE • EUPACE CYCLIC. PLASTIC-CREEP CHECKOUT PROBLEM 

LJ VTJTLt 


PAGE 

VARIABLE STRUCTURE NUMBER 
V 1 NCRENfcNT NUMBER- 


END f LLOJP 


CPU * C3:00:21.731 TOD * 23:38:14 


BEGIN 5CLN 


CPU = 06:00:21.741 


TOO * 23:36:14 


CPU * 0t:GC:21.?c.6 


TOD *23:30:1$ 


-T00-*-23t-3ti: Kj- 


ellscp 


CPU * Ct:tO:?l.&54 


TOD * 23:36:16 


HESIUUAL NCK« = 7. £63 73 E— 07 


03 >. END OF LOAD INCREMENT 5 

03 s INTEGRA I lUN PCINT L HAVE CHANGED ELASTIC^TD I ?LAS T 1C?* T ^rT ^INTEGRA! lOf/pOINTS PLASTIC TO ELASTIC OURING THIS INCREMENT 
a* Sf LCIFIED MAX. NC. S1IFFNESS UPDATES = It NO. UPDATES PERFORMED » f 

^SPEL-frF-I-fc t M AX. NO. ' IT E RATIONS ' P C* U PO AT fr-* 1C — It IT ERA 1 IONS - PtRFUKM6fr*SlNCt*1?AST-t}P0ATtr~» O 

SPECIFIED MA*. UNBALANCE 0*-FClKC£ EP.F.OK - UCCOCE-OBt ACTUAL ERROR = 7.6&37E-07 


BMvVOT T 0D-*-23 :3S:17 


BIPStit 


CPU =cd:lc: 21.977 


TOD * 23:36:16 


BEGIN LiUIPUl 


CPU = CG:CD:22.G31 


TOD = 23:36: iv 


TITLE bUPACE CYCLIC PLAiTIC-CPFEP CHECKOUT PROBLEM 
VTITLt 

'f TITLE -tUAt yl M CRE N - E LT - l ? 


PAGE 

VARIABLE STRUCTURE NUMBER 
INCREHENT-NUHBER- 


CUHULA1IVE INTERNAL FLRCcS AND DISPLACEMENTS 


** NODE **■ ***•»*»*•*••**** FORCES ***************** 

NO. I . 0 . U V V 

— 1 ■ — 1 l.V£7v&5.I S-t .fe - I.9 9vvv>3tr-et, ■ 

2 2 -I.A$2a23cF-d6 — I.99W933L CO 

3 3 -2.AA479lfc«:-06 1.9999V33E Cf 

tg- m • 2 r*0 »7 ST-7e:-S» — I tYV 94433c - CO 


************* DISPLACEMENTS ************* 
U V K , 

-r.c- e.o — — 

-v.I73W3Dt-0«> C.fc 
-R.92375C3S-G6 7 .2999992 E DO 

-4v?$5*Vl ©E-U8 — T.2W9W2E— 00 


t ■ i V, . r . - il " ;•. ■« -.' :• • 1 ■ ■_;;)■ r? Tj5 ■ »J ; Ilf. .ft . » 


/«***. 

"(a 3 ^ / 







I 


> 



TITLE BOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
VTITLE 

IWtt LOAtT INCRL H C N T -5 


PACE *3 
VARIABLE STRUCTURE NUMBER - 1 
INCREMENT-NUMBER-*— 5- 


- fctt H E NT P OINT - 

NL. I.D. NO. TP. 

1 3 5 4 


-EFFECTIVE *♦***♦**•*•• ****** ♦*•**♦■ — CUMULATIVE-STRESSES — ** •«.**** *** 44**44 4 *** 4 **! 

CUM. STRESS XX YY ll XV XZ YZ 

4.0 COOt 00 -2.1091E-05 4.C0CSS 00 -3.2553E-05 -3.5041E-08 0.0 0.0 


f 


lL -EH E NT P OI N T EffteHYt- *4***********-**** **4*4* — INCREMENTAL— STRESSES — 44444*44*4444444 444 4 4*4 * 

NO. I.D. Nc. TP. 1NCR. STRESS XX YY 22 XV XZ YZ 

1 3 54 S.COCIE-Ol 2.86566-05 5.0C03E-01 -4.5050E-07 -3.3586E-08 0.0 0.0 


CLEMENT P i - I N T - 

NO. I.D. NO. IP. 
1 3 5 4 


********************* — COWL AT I VE-SLASHC-S TRAINS-— ** »»**»»♦ »*»♦ **»»**' 
XX YY 22 XY XZ YZ 

— 3.0000E— 01 l .00 COE 00 -3.00C1E-01 -1.1368E-OB 0.0 0.0 


CL -E M cN T RtH H T - 

NO. I.D. NO. TP. 
1 3 5 4 

■m 


■ /| t L S Hfe W T POI N T 

NO. I.D. NU. TP. 
1 3 5 4 


*4*44*444444*44*4*44 — INCREMENT AL E LA S TIC STRAI N S ' »»♦♦*»**♦♦♦*♦ *♦ ♦» * ♦ * ♦ 

XX YY 22 XY XZ YZ 

5.7817E-P6 5.2452L— 06 -3.9339E-06 -1.0b46fc-0b 0.0 0.0 


- COHU trA-TTVE 44 * 44 * 444 ** 4 * 444444*4 CUMULATIVE— PtASTIC- STRAINS 44 44*44444444444*44' 

PLASTIC WORK XX YY Z2 XY XZ YZ 

9.5CC0E 00 -1.5000E 00 3.0CU0E 00 -1.5000E 00 3.7063E-09 0.0 ' 0.0 ’ 


ELE M E N T f ' O fW T fNCftEMtNTAfc 4 .*...*** 4 ** 44**»444 INCREMENTAL— PtASTIC— STRAINS — * 4444 444444444 * 44444 * 

N(J. 1.0. NC. TP. PLASTIC WORK XX YY 22 XY XZ YZ 

13 5 4 3.7500C- 00 -5.000CE-01 1 .00 COE 00 -5.OGO0E-O1 -3.7869E-0B 0.0 0.0 


P LIMC NT P OI N T CUMULATIVE ******************4*** — CUHULATiV F~ CRbtP— ST RAIN S ' - ** » » * **»» 4* * *» * »» »**»* 

NL“. I.D. NO. TP. CREEP WORK XX YY 22 XY X2 Y2 

1354 2.75CCE DO -S.COCCE-Ol I.OCCCE 00 -5.CCCOfc-01 8.0879E-08. 0.0 0.0 


iLf M ENT POINT 

NO. I.D. NU. TP. 
1 3 5 4 


INCREMENTAL 444*4*44*4*4*4*4**444 INCREMENTAL" CREEP- STRAINS — **4**44444*4********* 

CftffP WORK XX YY 22 XY X2 YZ 

0.0 O.C C.C O.C 0.0 O.C C.0 


E LEMt N T P OI N T E-f — SUM GUHv — EEF-j — * 4 ****** 44 #** 4 * 4 ** **** — CUMULAT 1 *E— TOTAL— STRAINS — ********************** 

NO. I.D* NO. TP. CODE CClt TOTAL STRAIN XX YY ZZ XY XZ YZ 

1 3 5 4 0 2 A.t o67£ 00 . -7.6294 L-iift. 7.3CL .E OC 9.5367S-07 7.3197E-ue O.C 0.0 


m . 








> 


n 

TITLE SORaCE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 

VTITLE 


RAGE 44 

VARIABLE STRUCTURE NUMBER » l 

-r 





l iTunocn * 1 


«- LLNLNl J#N 1 . * 

Nil. TarD. NO. TP. 
13 3 4 

"T. 11 "'"TILW “ ' TIEIU" "' 

STRESS CTR. STRESS S12E 
2.0U30E 00 2.0000E 00 

1 <»*» 'tPFcCTlVc PLASTIC - 31 
INCREMENTAL SUM INCH. 
t.OOOOE 00 3.U0C0E 00 

'cumulative incremental* 
3.00 COE 00 0.0 

•Vl YE - CRECP~STrAINS Mw “ - 
SUM INCk. CUMULATIVE 
t.OOOOE 00 l.OOOOE *4 


NC. 

1 


I.U. 


NU. TP. 
5 4 


TEMPt NATURE 
b.OOLO? 00 


XX 

2.3000* 00 


YV 

2.3CC06 


00 


tl 

2.3000b 00 




EF:D 

OUTPUT CPU * 0uSuC*22.l60 TOO « 23:36*20 

* 


- 

-- 







- 







- 

m 







• 

«B> 






□ 


title 

VTmE 

iTt Ti t 

BQPAf £ CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 

RAGE 

VARIABLE STRUCTURE NUMBER • 

45 

1 


J 

k"‘ _ 

| 

Tit iirt 


SNCKCKtNT NUMELR * ■ 

— 











rt* P.RH ri 


» 



- 

| 

COEFFICIENT FOR CONCENTRATED LOAD SET ONE * T.299999E 00 

CDS F PIC IF NT FOR. CCNCFHTKP 1 60 t0*0 — S « — TNG * OrO 


. 



CCIFFIC1CNT FOR DISTkIUll tD LOAD SET ONE « 0.0 

CLcFFlCJlNT FOR DISTRIBUTED LOAD SET 1WC • 0.0 

ecfr fMCI feN f -F O tF M Ot>AL - T fcNP t ft* T P K fc — SrT ■ T.OOOCOOE OC 

COEFFICIENT PO* NUFHAL STFESS/STRAlN SET * 0.0 

TRANi CAT ZONAL ACCELERATION ll FNSTM/TlMt/TlME) * 0.0 

ANGULAR ACCELERATION IRCVCLUTIONS/T IKt/TlKE » = do 

CKlfcP TJNt « 0.0 


BEGIN LOADS CPU « OnJCCt22.4l7 TOO * 23 t 28*25 


'fNO- 


t r u - au; go 5 ?g . -3 iou top ■ TSrttrz r 


LOADS 




^■K. 

'n&r' 


) 



rm^ 

VTITlE 


itt'ACE CYCLIC PLASTIC-CREeP thCCKUUT PROBLEM 


PAGE 

VARIABLE STRUCTURE NUHbER 


46 

1 


| TTITirt — 

LCAD 

INC REMtNT ft 


tNCRtHttlT-WWMrtR-* 1 — 6 

-s BEGIN 

SCLN 

CPU - 06:00:22.560 

TCD = 23:38:27 


£hO 

"SOLN 

C r L Vw • JD • ZJ . _ y n 

TOD ^ Z3T3TfT2S 

* 

begin 

ELLG^P 

CPU = 0t:C0:22.*C?O 

TOD = 23S38S2B 


EMI 

— Rtsif^yAt 

fcLLCCP 

»-‘C3H 

CPU = 00iCD:22.636 
t-.Tflfc ?t-Co 

TCD = 23:38:30 



fc-rt-B tr-F — L - O - A-D 1 -+t- 1— 

NO. r LASTIC INTEGRATION POINTS = 4, NO. PLASTIC INTEGRATION POINTS 

r i VT^arr ATIO N P UIVTS H AV E C H A K brb - ^ LAST I^TU"~Pt.*5T I O'* 4“ 


SPECIFIED tf/X. f*u. STIFFNESS UP BA T t S = 


1, NO. UPDATES PERFORMED - 


a 

u 


SPECIFIED -fix. Nu. 11 rK AT ION S PER UPDATE - 1C 10 16* NO* ITERATIONS PERFORMED SINCE LAST UPDATE t= 

A6TUA L-EPRCR -* — MB l ?E-<rtr — 


J5 BEGIN BIGSCK 


CPU - 00 :(-0 : 2 ^ .736 


TOD = 23:3«:3l 


END !?1 GSCK 

"BEGIN faU TK?T “ 


CPU = i S:LG:?2»B16 
■ tK> = ‘ 0u : 00 : ? - 2. a ?fr - 


TOD = 23:28:32 
-TCD - - 23s3fl : 33 


□ 


TITtL 

vtitlf 

-ITlTtrt- 


EOP/CE CYCLIC PLASTIC— CREEP CHECKOUT PROBLEM 
LOAD INC REMEN T - 6 - 


PAGE 47 
VARIABLE STRUCTURE NUMBER > 1 
INCREMENT— NUMB E 


CUMULATIVE INTERNAL FLKC e t AND UI SPLACFMFN 1 S 


*♦ RULE ** 
NO. 1.6* 


******-*4******** FORCES 

y v 


H 


************* 

U 

-fy.-U 


-?.4eivcoic-vfc c-ci 

x t-t— 


DISPLACEMENTS 
V 



-S.r:o*34&E-ab O.c 

-e*G7~5659fc-06 7.299V992E tC 


************* 

bf 




M»urt b-t'J 


) 




n 


LOT-ACE CYCLIC FlASTIC-CKetP CHECKOUT PROBLEM 


tITtt 
VTIT LE 


Page «• 
VARIABLE STRUCTURE NUMBER • I 
WiCREMfcNT-NUMBt 




fj(J. 


l.tu T;C. TP. 
3 f * 


CUM. STRESS 
J.curmt 09 


XX YV IZ XV XI 

-7.7wt5E-ii. ?.CCWt 00 -I.ASOtoC-OS Z.WJ12C-09 0.0 


)>M***M«**M«I 

W 

0.0 


-rUtM-l-NT- 


P t ' l l fl - 


NL » I * Da TPa 

X 3 6 * 


— vtrttVtT 
INCH • VTKESS 
2.CCDt^; O0 


XX VY ZZ XT XZ 

1.3296E-05 -2.00DOE 00 1 *6tW?E-0S 3*7S42E-0B 0*0 


« 

c.o 


NC. 1 rnitm NO* TP* 
1 3 $ 4 


XX VY Zl XY XZ 

»3.Oi>0OE-Ol l.OGOOE 00 -3.t)0til£-01 1.6268fc-09 0*0 


YZ 

0.0 


t*L * lap. NO a TP. 
I 3 5 A 


XX VY Z2 XY XZ 

8.O407E-C? 9.5367E-©? -5.9602»fc~07 1.3014E-G8 0*0 


vz 

0.0 


—9 — 

4k 

o 








tttMtdT 

NU* 1.0. KC . TP. 

— CUMULATIVE 

PLASTIC WORK 

XX YY 

wUru LA'i IVc' 
ZZ 

r W5TIC & inAIN. 
XY 

***** 

XZ YZ 


.1 3 5 4 

o.SCCCE CC 

-1.50GOE SO 3.C0CCE 

CC -1.500CC 

Oti 3.7C63E-09 

0.0 0.0 


-irt+^eKJ- 




PlLa 1*0* NU. fP* 
I 3 5 4 


-3NtftENtfrT#t 
PLASTIC HCRK 
4J.t- 


'**++*+*.+**.*•*+ l «f C*E N £ WT AL P tASTIC - STMl ft S — 

XX YY 21 XY XZ 

0.0 0.0 0*0 0.0 0.0 


YZ 

0 . 0 ' 


— T * 0111 

NO. i.r. NO. TP. 
1 3 5 4 


-tUHUCAf l Vfc ♦»♦♦♦****♦+♦*** ******* — ewutfflv e C ftEEP t " 8TWA iftf& — *•*♦*< 

CRttP WORK XX YV ZZ XY XZ 

2.750GE CO — 5.C000E— 01 1 .CuCOE CG ->.COCCt-01 6*0e79E-08 0.0 


YZ 

0*o 


— 1 l ?wr N T P Q - F t T - 

NC. I.t. NO. TP. 

I 3 5 4 


crccp work 

c.o 


»+*+** 

XX 

0.0 


VY 

0.0 


zz 

0.0 


XV 

0.0 


XZ 

0*0 


vz 

0.0 


•tip* * ) *0. NO* T6* 

I 3 * 4 


— P-f P'JM.— 

CLDt Ci^Ut TCTAL STRAIN 
-1 *1 4*tbb7E CO 


XX YY Li XY XZ 

-6.67576*06. 7.30COE CG 9.5367 b-0? 6.6211 E-Ob 0.0 


YZ 

0.0 



.■Manama? 





TITLE bOPACE CYCLIC PLASTIC-CREEP CHECKOUT PKC31EM 

VTITLt 

| ITHtr* LCAD - I N t - ftt H CNT ft 

tfcEMEM P&THT YH r L -0 YIELD Vt-PtA-STIC— ETRA INt **** — ***** fcPPtC7 1 Vfc CrtfctP~STRAINS' ***** 

ML. l.U. NU. TP. STkESS CTft. STRESS SIZE INCREMENTAL SUN INCk. CUMULATIVE INCREMENTAL SUM INCH. CUMULATIVE 

1 3 A A 2.0GGGE 00 2.000 -E Ct< O.C 3 .CO Out CO 3.G0G0E 00 C.O l.tiLOOL 00 l.OGOQE 00 


PAGE AT 
VARIABLE STRUCTURE NUMBER * I 

INC RfchfcNT'NUMb tR~« » 




EL EU fc N T P CI P T eOMOtAttVtr ****-CUMUt AT IV£— Tut WtA VST ft A l ?«,-»***- 

NO. I.b. NC. TP. TEMPERATURE XX YY ZZ 

1 3 5 - T.ocCoE 00 2. TOOLE 00 2.30G0E OC 2.30006 CO 




END OUTPUT CPU * CO:00:23.01V TOD * 23:38:35 


| TITLt 
VTITLf 


EUPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
LOAD ■ l ’ NCR C Mf ftT -^ T 


-^-PAf tA P - S T Eft l -E Ok— T w it - AHCR fe wtNT 

4 » 


MAXIMA SPtCIFJtn ERRC* NUfth - l.OCOtCrfe-t'5 

“Su L'tt T X ' J f v M h T h lD C.OUE * 

MAXIMUM NU* STIH-NLSS UR*AT tS HR ltitKt*£tiT = 1 

HAXi.lLH ^Unt c rt t'F ITlAAUCNL bfcFUfct VPUA^L CM£ » C 

MA uF~- 1 T^ b,aT bF P trK c- Ut ^trAi fc”TwC = 2~ 

MAXIMUM NURKffc OF ITERATIONS fctFbkO UPUATF ThftfcE AND UP * 10 

MXIKIT tLA^TiC ITtF'A’IlbkL Rc« W.UifehrM - Z 

MAX Hr t»*--P* b * ITUO{> -P t;k ttjr fr H*. - Rfc AST it : £W - OfcOg * ? 

MAXtMLW REbUC 1 1 CMS = 1 

CCiNVt-HfttftCL K£!»UCrit*N MCTCR = 5 .OC<_OOE-Ol 


CC't p MC 1CN f f-c'K C0*L*NTR*1EI> LCAD S£T a 6.C0QC00E 00 

ee -HI * f EJftC r ^* A T fc ir -tr cA U tirT Th? -* 

CutFF ICIEST FUR DliTKltUTED tOAf> LEI bWt = 0.0 

UstrMtKttl f=U* DlLTRlttJTfcD LOAD SET 1WU * 0.0 

-CytrF fctT-Fr T - ^JOA t — T tt^Fl Ra I U rtr — ~ — * tr,-*»Ofr d f* O l L CO 

COEFFICIENT FcK NLFMAL STR£SL/LTmA I N SET * C.C 

TKAN!.LAT JEML ACtfeLHAlllN (LtF‘f TK/TIVr/T XME) » C.O 

A^OUL-^-Vt LC^ IT * ( heVWHW ^l^t * *J r.f* 

ANbUL/K ACCELERATION lKLVDLUUuf#L/TlMt/TlPIL> = 0.0 

CKfctP TIME ~ 0.0 


PAGE SO 
VARIABLE STRUCTURE NUMBER * \ 

JfcCKtMEftT^NUMiJtft-* T 


hLClN LCAM 
~P*Lr — Lf-AHS- 


I.PU - Cc: 00 s£j . 2 tt 

* ■ oc ? t o = :^.jeu 


TOO = 23:3b:v7 






M 


2W8 




n 


7 TITLL BCPACE CYC tlC PLASTIC-CREEP CHECKOUT PROBLEM 

1 VT17LE 


PAGE 

variable structure number 
ENEftEflEMT-NUMtiER- 


tNL BlbSCK 


CPU a f-0 1 bO : 2*. 10* TOtJ = 23*39:00 


£Ni» SCLN 


CPU a OC-X CrC*2*.17C TOO a 23X3VXC1 


ttSIW t LLU'JF 


ClU = COtr.vi2-.lSu TOD = 23X3**t01 


-TOO - = ~2 3 -*39*< 


RES 10 UAL Mk*» a fc.2tLCbF-Ul 


BEGIN SCLK 


CPU a 00*00*24.294 TOO * 23S39J04 


-ftijf) StrtM - 


— UC« VWa 


BEGIN LLLCiUP 


CPU = 00:uCs2h*327 TOO = 23=39:0* 


BID ELLbuP 


CPU = CC5i-C:2***C7 TOD = 23:39=06 


NCR * — — 


* AitJ. ELASTIC IMcGRATJUlV POINTS a nl. PLASTIC INTEGRATION POINTS = 


SPEC l FI e b MAX * NC • MIFFNtiS UPDATES * It NO* UPDFTfcS PERFORMED - 1 

SPcCIMtb MAX* Ny. Ut-RATlCNS Ptk UPDATE =02 10. VC* ITERATION PERFORMED SINCE LAST UPDATE * 


LEG1II tlGSCK 


CPU = on:uC;2*#A33 


TOO = 23:3 r *:i , 7 


3IGSCK 


CPU = Cv:uc:r*f-31C 


TOO = 23:39=00 


TIUE UaPACE LYCLI<- PLAS TIC-CKE fcP CHECKOUT PROBLEM 

VHTLt 


PAGE 53 
VARIABLE STRUCTURE NUMBER * 1 
JBfCRfcMtNT^ NUMBER** T~ 


CUPULATIVt INTERNAL FORCES AND DISPLACEMENTS 


** NUDE **■ ** ***♦*****.***** FLKCtS ***************** 


no* i.n, u v * 

2 2 2*tOC75l It -u7 ~1 .2vSt>6 r . lt-i,? 

3 3 *.7633SH^t-t7 2*B2 t>23**£-C7 


************* DISPLACEMENTS ************* 
U V W 


*B*3AA6f.C3E-C6 0*0 

-7*i*e,7ai3lE-Oc> o.COOOOOOE 00 
— 6. ^729006° -TJ? — 6T0t;COOuCrE-0D* 


£SS& 




) 


> 


1 


TITLE BCPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
VTITLE 

-IT tTtt LOAN I N CRCH fc WT - T 


PAGE 5* 
VARIABLE S TRUCTURE HUMB ER * I 


NO^Tp! 3TS3C ****XX**** ^^^V****** CU "^ tATIVC STR “^ itS ** Jll VZ 

1 3 5 A 5.E272E-06 2.CR62E-C6 3.R285E-06 -2.04i>3E-Ofc 1.5304E-C7 0.0 0.0 


— e ttPE HT p oi n t 

ML- I.E>. NO. TP* 
1 3 5 4 


INCR. STRESS XX YY ZZ KV XZ VZ 

2.C00JE 00 9*»806e-W> -Z.UVCSc CC I.N.66E-0S 1 .5054E-07 G.C 0.0 


tgt K fcNf P OI N T - 

ML'. 1.0. MO. TP. 
1 3 5 4 


— COHOtrlt Vt ELAS T IC ST RATUS — WWWWWWWP 
XX YV ZZ XV XZ VZ 

l.wn*Od 3.S147E-0& — 3.SJ47E-C6 I.Y6V5E-07 O.U 0.0 


--E t c* E N T P OI N T *♦♦•****#♦♦•#•****•♦ INCREMENT A t - E LAM EC— STRAINS — 

NL. 1.0. MU. TP. XX VY ZZ XY XZ VZ 

1 3 5 4 3.0000E-01 -l.OCGOfc 00 3.1-OOCE-Gl I. 97326-07 0.0 0.0 


E L EMEN T - P OI M T 

I NO* I «0* NO* TP* 

* £ . I 3 5 4 


■CU M ULATI V E — 
PLASTIC VCRK 
9.5000E 00 


XX 

—1.50006 OO 


VY ZZ XV XZ * VZ 

3.0000E 00 -1.5GCGE 00 3.70O3E-09 0.0 0.0 


- fc f t M Ht T P Ul M T - 

ML. 1.0. MU. TP. 
1 1 5 4 


-{NCR fcHPNT* t * ..•***♦*****♦**.»** — j MeHEMEMT AL -P tAS TlC— STRAINS' — W»» » *W « »WW i 

PLASTIC WORK XX VY ZZ XV XZ VZ 

0.0 0.0 0.0 O.C 0.0 0.0 0.0 


-E L E M EN T PufitT- 

Nf. t.b. NO. TP. 
I 3 5^ 


CREEP WORK XX VY ZZ XV XZ VZ 

2.75CCE CO -5.COOCE-OI 1.CC03E 00 -5.D0C0E-01 ».Ot7«E-Ot v.G 0.0 


LL E* M N T P OI NT 

NO. I.T-. NO. Tp. 
1 3 5 - 


TNCkt-MtNT A t ***.*»*♦*****♦*•**♦*• — INCREMENTA L— CREEP — STRAINS — 

CREEP CORK XX YV ZZ XV XZ 

0.0 O.C- O.C 0*0 0.0 0.0 


VZ 

0.0 


E L EMENT P«*T- 

NC. 1.0. NC. TP. 
1 3 5 4 


— E-* — SoP CUP.- EPP. ••••*••*••*»*»••*♦**•* — CUNUL AT IVrr-TOTAL— STRAINS — MM— MWW 

CC**f CCtiE TOTAL MkAlN XX VY ZZ XV XZ 

0 -2 4.GCC0E CO ' -5.o 757E‘-[6 • e.OCCrOE OC 9.53oIE-C7 2.6353E-07 v.O 


YZ 

0.0 


EBTOSSaaBW»SgB8aP8EgBEg»MggBgBEggg BB aB BB B B g»a^^ 





TITLE fcCPACE CYCLIC PLASTIC-CREEP CHECKOUT PRQbCE-M 

VTITLE 

A HWtE LOAD IHCftLHLK T- 7 


PAGE 55 
VARIABLE STRUCTURE HUMBER * l 
— INCREMENT-NUMBER—" T 


-fWWW MrWT Vl E t - 0 » «»» ' C PF E C- T 1VE— P tA S Tie-STR»INS-»*»» — »»»**~EFF LCT I Vfc~CREEf— STRAI NS~"«»*» 

Alt. I.D. NO. TP. STRESS CTR. STRESS SIZE INCREMENTAL SUM INCH. CUMULATIVE INCREMENTAL SUM INCK. CUMULATIVE 

I 3 5 A 2. OCC'tft 00 2.GGGGE CO 0.0 3.00GGE 00 3.DGOCL 00 0.0 1. GOODS 00 l.OOOGE 00 


— frtrfcrttfrf PC - I Nf LUM ULATI VE CUMULATIVE— THE R M AL S TRA INS— "**•- 

NCl. I.D. NO. TP. TbMPfcP.ATCkE XX YV ZZ 

1 3 5 A S.ACOOE OG 2.0G0CE 00 2.CCC0E 00 2.OCO0E 00 


END OUTPUT 


CPU = 00:00:2*.. NC3 TOD = 23:39:12 


TITLE 8UPAC6 CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 

VTITLE 

-m-Ttrt tOAf ' INCR EM ENT - 0 


PaAANfcT tRS P UR THIS INC R EMENT 

COtFfIClfcNT EiiH CONCENT RATED LCmD SET CN£ =■ A.OOOOOOE CO 

CLEFhTCTTm T P ER tr UMCt tiTP ATEP t OAti — SET — TWO = Trt 

COEFFICIENT EUR DIETRlbllTlD LOAD SET ONE =■ C.O 

COEEMCIENT EC' is ulSTRIEUTLD LUAD StT TbO = O.C 

CL/fcEE It lEE'T ECR NORMAL ST RES S/STRAIN SET =■ -6 .COuOOOE-Ol 

TKANILATK.NAL ACCtLtF.ATILN ( LENCiTH/TIME/TlME I = C.O 

ANGULAR- VE LCCM V I H fe V OLUT lUN ‘ S/ T-tMrT " U.U- 

ANGULAR ACCELERATION U EVOLUTloNS/IIMt/TlMEI = C.rt 

CPrsEP 1 J MI = 0.0 


EECIN LOADS CPU * Ds,:GC :2A.o M . TOO » 23:3«*:1« 

ENL tCAOS : CPU u"C e rSOs yg . ' g» TCP~ e 23 r 39r2Y 


PAGE 56 
VARIABLE STRUCTURE NUMBER • 1 
INCREMEN T N UMBER-* B 


Sfcu-. ii-C-iaaiw 




'i ai n- Sart 


Tint bOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
VTITLE 

-ITITrt fcUA B wewwaff * 


btGIN SOLH 


CPU * (w*0G*25.fc&6 TOO « 23*39*24 


RESIDUAL MCRK * 4.22°39t-fil 


10©-*— 23*39: 


»EGIN ELLCUP 


CPU * 00*00*25. I3o too * 23*39*24 


END ELLCuP 


CPU £ 00*00:25.212 TOD • 23:39:26 


BEGIN SCLfj 


CPU - 0d:li}*25.219 


TOD * 23*39128 


END SOLN 


CPU = CC*oC*25.2A9 


TOO = 23*39*28 


FNU ELLU'JP 


CPU = 00*CC* 25.335 


TOD * 23*39*32 


END SCLN 


CPU = Od*OU*25. 3o5 


TOD * 23*39*37 


bEGIN CLLGDP 


CPU = CP*0t*25.3o9 


TOO * 23*39*32 


RESIDUAL KCP.M * 2.99CG7fc-01 


100-^-23*39*31 


bEGIN SCLN 


CPU * 0GU'0*2S.4<»5 


TOD * 23*39*35 


roO-*- 23 *39135 


ELGIN LLLOCP 


CPU = 00*00*25.512 


TOO * 23*39*35 


END ELLcLP 


CPU * 00*«.‘0: 75.5«»2 


TED * 23*39*39 



8LGIN 


DLH 


CPU * GtmOS 25.595 


TDD - 23*39*39 


PAGE 

VARIABLE STRUCTURE NUIKE* 
INCREMENT— NUHbtft- 



yl-^r 1 






t 


title 

VTI7L E 
— " — HI T l~f — 

euPAce cyclic plastic-creep checkout problem 


PAGE S9 

VARIABLE STRUCTURE NUMBER » 1 




: INCREMENT NUMBER-* 4 



t U OF LOAD 1 HC R E N c N 1 

b 



NO. ELASTIC INTEGRATION POINTS » C* NC. PLASTIC INTEGRATION POINTS * * 

* INTEGRATION POINTS HAVE CHANGED ELASTIC Tti PLASTIC* it INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

-SPHH H E P- MAX - * NOr STIFF N ESS U PPft-T ES ■ It NO*- UPDATES PEK*ORME£F-«- v 

SPECIFItti MAX. NO. ITERATIONS PER UPDATE « IP lU 10* NO. ITERATIONS PERFORMED SINCE LAST UPDATE * 9 

SPECIFIED MAX. UNtsALANCED-FCKCL ERROR « 1.CC006-G5, ACTUAL LRROR = 2.S072E-C6 


BEGIN bIGSCK CPU ® CCt0d*26.2*b TOD * 23*39*59 


BEGIN OUTPUT CPU - Co TOO *26 .360 TOO ■ 23SAC1C0 



♦ 


t 


TITLE 

VTJTlfc 

50PACE CYCLIC PLASTIC-CR5EP CHECKOUT 

PROBLEM 



PAGE 

VARIABLE STRUCTURE NUMBER * 

60 

1 

“ IT I TL IT 


i n, - i c 

CUMULATIVE INTlKNAL FCKCPS AND 

DISPLACEMENTS 



InVRtntll V WJnUtR ® 

ft 

** NCi’t 
NO. I 

44 

.0. 

U V u 

4444*4*444444 

u 

DISPLACEMENTS 

_V 

444444*444*4* 

4 


1 

£ 

3 

1 

7 

3 

I.L7:C9A'<E-U. 3.i/*u2RR6-l i 

9. T71C927E-C7 -3.125.i;2bt» -*1 


o.c 

- B „9999973c-U 

*^.VV9VVA3t-01 

' ‘ 

G.C 

4 • t CCOG uOfc CO 

*1* 


” 4 “ 1 

4~ m ' m 

'7 » UH tXl 1 — 

- 

A* 

%«l39OUO(J0c 00"' 

V 




PAGE * 1 
VAK1ABLE STRUCTURE NUMBER * 1 
INCRtMeNT-NUMfcER-* C~ 


— CUMULATTVE~STR ESSES — *************.************ 

XX YV Zl XV X2 YZ 

5.37650—00 — 6.25CCE-01 -S.5t2CE-Pfc -7.7S5ZE-0* 0.0 0.0 


-*********♦************** — incremental— stresses — ******* 

XX YY 22 XY X2 

3.?t>S?6-06 -6.250<*£-'Jl -1.5417E-06 -I.ou75E-07 0.0 


XX YY 22 XY XI YZ 

1 . SCO IE— 01 -5.CGUE-61 l .50006-01 -8.06546-09 0.0 0.0 


******************** — INCREMENT AL-EL*STIC“STRATNS — ********************* 
XX YY 22 XY XZ YZ 

1.5PO0E-G1 -S.CCUE-C1 l.SCOoE-O! -Z.07C16-07 0.0 0.0 


—****«.* ************** — CUMULATIVE— PLAS-TTC~STRAI NS — **** 
XX YY Z2 XY XZ 

-1.2500E 00 2. 50 CUE CO -I.2S06E OO 2.17R7E-08 0.0 


-******************** — INCREMENTAL— PLASTIC-STRAINS — *********************- 

XX YY Zl XY XZ YZ 

2. 5 tO CE— 01 -S.OOC.»e-ul 2.50C0E-01 1.8C9U-06 0.0 G.C 


-********************** — CUMULATIVE— CREEP-STRAINS — ********************** 

XX YY ZZ XY XZ YZ 

-5.GOOOE— 01 1. CClCfc CC -5.0C00E-OI 8.0E79E-0B 0.0 C.O 


■-incremental- creep strains—***** 

ZZ XY XZ 

0.0 0.7 O.C 


******* *************** • CUMUL A TT VE — T OT AL~S T R A 1 \'S— ********************** 

XX YY 22 XY Xi YZ 

—6.00006—01 - 6.CCCCE CC -S.cOJCE-OI 9.4O11S-0B 0.0 0.0 




) 


) 


) 


n 



TITLE SOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
VTITLE 

I T I TtS LOAD - I M CWM EH l -p : 


PACE 62 
VARIABLE STRUCTURE NUMBER « 1 
I*CREHENT“NUNIjfcR-« 8 


“ E L EMEN T - ■ - K. - I W T T+ttrf* Y-JftO ****-CTT€C'Ti Vfe~Pt#S1 10~ STRAiNS—**** — ***♦*— EFFECT l VE-fcREEp- STRAINS- •***•■ 

NO. l.D* HP. TP. STRESS CTK. STRESS SHE f -MENTAL SUM INCR. CUMULATIVE INCREMENTAL SUM INLR. CUMULATIVE 

1 3 5 4 1.50001 00 2.1210E- 00 ^.000oE-01 3.5000E CC 2.50QCE OC 0.0 l.OCOOE CO l.COUOE 00 


— EttMeNT Prt*rT Y*Y*-CyMJtA j riVe~THtRMAt"STRAIRS-***a 

NO. I.U. NU. TP. TEMPtnATUFE XX YY 22 

1 3 5 4 S.OOOOE 00 1.0000= 00 l.OOCt-E OC I.OOOOE 00 


i _ 

" END OUTPUT CPU - C0:UQ:26.*S7 TOO * 23J40:C*3 


i 

j 





□ 



TITLE 

VTITcC 

-Tf-tTW- 


bOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
L - OAO I N CR EM EN T -« : — 


PACE 63 
V« UABLE STRUCTURE NUMBER » l 
INCREMENT - MUMB ER-* 9- 


P A R A ME TE RS FUR THIS -tR C P i M fc N- f 

CUEFFICltNT FOR CCfiCENTkATEO LLAU SET ONE * I.500000F 00 

fc - Jt P Pl d E T iT -F CR -fc L f C fP TR -fr T L - j - LirAO — Stl — fYS * ft-.C 

COEFFICIENT FCA DISTRIBUTED LuAtJ SET ONE = 0.0 

CCt FFICI f NT FuR CISTRIlUTli; LOAD StT THU = O.C 

tUrFMCIENT -PtrH- " Vutre L - T cHPf-KA hjRE SET * V.<*OOC WtUO' 

CLtEUCIf.hT ELR \L-fPAL STkESS/SIKAIN SET * -J.liOOGOOE-OI 

TRANSLATIONAL /CCtLtKAlJwT: < Li NtoTH/TI*fc/TlME> * C.O 

ANOUEAR-V^L-ErC-ET-T— IftEV CL UT-tCNE / 1 IrtH * L .tj 

AMCULAR ACCtL£.*ATlb*l < Kfc VCLul iC'HS /1 Ifit/TJME > = 0.0 

CREEP TIME = l.i-OGOOGE 01 


BLUR LEADS CPU = CCJ LC :2R. 7-o , TOD * 23t4CsiO 

EMU L-CAUS C P U * Ctrl 00 -i PayfrBg TO O g' l 3t4erl» 









e 


TIT Ct BCPaCE CYCLIC P LAS T IC—C Rfc £ P CHECKOUT PROBLEM 

VTITLE 

-IT-HtrE tt *D 9 


PAGE 64 
VARIABLE STRUCTURE NUMBER ■ l 

TttCfrBNtMV NUMBER—* 9“ 


BEGIN SOLN 


CPU « UCtCO:?***** 


TOD = 23**0Sl4 




BPCIN bLLCCP 


CPU a O'JSfOSl'O.VA* 


TCD = 23 SACS 14 


END FLLOUP 


CPU - Gc:CC:27.U33 


TOD = 23 i AOs 19 


BEGIN SLLN 


CPU = tA»r'jOS2Y*G3e» 


TOD fc 23:46:19 


END SGLN 


CPU = CC:CO s27* C72 


TOD ~ 23SA0S1A 


END PLLCUP 


CPU =■ CC:uCJ:27.i«>f> 


TOD - 23 sac: 23 


RESIDUAL NCRN - 2.449 3C-E-C1 


-Tub— ~2?44 O* ^3 — 


END SCLN 


CPU = C^:0GS27.1f6 


TOD - 23: AO: 24 







thO EL LOOP CKU ■ 00*00*27.672 TOO * 21:<.Cs37 



fif.MN ELLCCP CPU - 0irs00*27.t»85 TOO ■ 23:40*42 

EMD ELLCCP CPU » OC SCO *27. 765 TOD * 23*40*46 


BEGIN SLIM 


CPU = 00*00*27.765 


fcMD SCLN 


CPU = 00*00*27.818 


K> 6*0 6LLG3P 


CPU = 00*00*27.926 


. RESIDUAL NLP* *< C.1M39E-C5. 


EMU SCLM 


LPU = 0OSCCS27.97B 






TITLE t,UP 

vtitle 

-ITITtt t*Af 


f.CJPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


PAGE 

VARIABLE STRUCTURE NUMBER * 
INCREMENT- NUMB SR«- 


E N 0 OF LOAD INCREMENT « 


NO. ELASTIC InTCGRaTUN POINTS = C, NC. PLASTIC INTEGRATION POINTS * 4 

C INTtGUATION Pu I NTS MALE CHANGE!' ELASTIC TO PtASTIC. 0 INTEGRATION POINTS PLASTIC TC ELASTIC DURING THIS INCREMENT 

-SPELT Plfch-MA-*! — N ct — t+INFMI-SS— tiPlt*Wrt-» 1*— NO*— UPDATES P6RFCRMEU-* -fr — 

SPECIFIED PAX. NO. ITLkATlL’NS PI R UPDATE = 10 It! 1C, NO. ITERATIONS PERFORMED SINCE LAST UPDATE = 1C 

SPfct i Fit U RAX. ONBALANCEo-FOkCE ERROR = l.OOOOE-CS, ACTUAL ERROR = 7.4t>33E-07 


EC GIN tiloSCK 


CPU a ClSfciGsTP.Zt.** 


TOP = 23!40:SS 


"TUO-s— 23 i 4 IT C 1- 


LEGJN OUTPUT 


CPU * CC:00:2b.3Et> 


TOD * .’3*41 102 



TITLE 
VTITLE 
-ITI1L-: - 


bDPACE CYCLIC PLASHC-CRtf P CHECKOUT PROBLEM 


PAGE 67 
VARIABLE STRUCTURE NUMBER * 1 

INCfttMEN T-NUMb Eft— « 9 


CUMULATIVE INTtRNAL FORCES AND PISPL ACEMLNTS 


** NULL ** ********#*****+* FCRCFS ** 

Nu. I.*». u v 

1 1 -SrOYY*? *. Pfc-e? 3 

? 2 S.T19^-^/i-{7 6.2*.'^7«*7V-i. 1 

3 3 i •-E-CT -*.2*.‘* t 'C , '7L-t 1 


****** «* mm **** *** 


************* 

U 

-0,-3 

-1.4999S1.>E-01 


DISPLACEMENTS 

V 

e*a — — — 

C «L* 


H 


-1.^9^221-01 l.iuGCOOCL 00 
"3. 0->T4tr*>uf-o7 t'*f>00trt'0<r€^x>0- 






) 


) 


> 


TITLE 8CPACS CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
VtITtE 

•mire — lsa[ t incr eme nt i 


tt-EHtfc f P t?l M1 1 W E tTl VB — 

NO. I.D. NO. TP. COM. STRESS 

l 3 S * 1.2E30E CO 


PAGE 

VARIABLE STRUCTURE NUMBER * 1 

INCREMENT-NUMBER-* 1 


»» « « » »•♦»♦ » »»»»»» < 


XX v» 

6.B775E-C6 -1.25C0E OO 


» *a _ m ■ g_i - *— g iR. a - M+ rfr m- M _ _ 

vtflJLAI ITr^lKtoatS 

ZZ XY XZ 

I.C03G6-O6 -1*^69E-G» 0.0 


YZ 

0.0 


1 


NO. 1-0/ NO. TP* 
1 3 5 * 


— trFPtCTtVE- 
INCR* STRESS 
6.250CE-C1 


XX 

I.OG3GE-06 


YY 

•2499E-01 


ZZ 

4.5650E-06 


XY 

5.7583E-G9 


XZ 

0.0 


YZ 

0.0 


E LEM E NT POtNf : *********** *** ****** * — ttJWtxTlV E ELASTIC STRAI NS — ************ * *** * ** ** 

NC» 1.0. NO. TP. XX VY ZZ XY XI VZ 

1 3 34 3.0000E-01 -I.QOUOE CO 3.OO0GE-O1 -2.076SE-G9 0.0 0.0 


*lt *EN T PglN? — - — * ****************** * — tfcC-REMENT^ t-Et - x STtC-ST ^XI fyS — 

NO. 1.0. NO. TP. XX YY ZZ XY XI TZ 

1354 1.500GE— 01 -5.CCG0E-C1 1.50C0E-01 5.96B6E-09 O.G 0.0 



CLIME N T P OINT 

NU. 1.0* NO. TP. 
1 3 5 4 


tu“U LA I I VL 

PLASTIC HORX 
1.C125E 01 


********************* — CttHOtATlVE — P LASTIC ST R AINS — * ***** ********** ***** 
XX YY ZZ XV XZ - YZ 

-l.OOOGE 00 2.0G00E 00 -9.9999E-01 B.3912E-09 0.0 0.0 


NO. 


1 . 0 . 

3 


nl. th. 
5 4 


P fl f or t?T a ■ 
l*n L n L*n T At 

PLASTIC WCRK 
*.68755-01 


XX 

2.50005-^1 


YY 

.0CC0E-C1 


ZZ XY 

2.5GGCE— 01 -1.3406E-O6 


XZ 

0.0 


YZ 

o.o 4 


--E L EMEN T P OI N T 

NO. 1.0* NC. IP. 
I 3 5 4 


- CU M UL ATIVE — 
CREEP MCkK 
3.6B7SE GO 


XX 

-1.490 IE— 06 


YY 11 

4.E2EOE-06 -3.33756-06 


XV 

5.4L6tE~08 


XZ 

G.O 


YZ 

0*0 


j 


— BfcBHPN T PL l NT 

AO. I.D. NO. TP. 
1 3 5 4 


-INCfctNfcNTA 
CREIP WORK 
5 •3745E— 01 


XX YY 

S.COOOc-Qi -l.OQGufc 


00 


ZZ XY 

S.OOoOE— 01 — 2.6611E— 06 


XZ 

G.O 


YZ 

0.0 


f- 

D. 


KO 


. TP. 


5 4 


t - P CirM.-H=P. *4**4***49 ♦••********* — CUMULI!! V&-TG>At"SIhAJNS mM*M****WM$«M 

CObE CLUE TOTAL STRAIN XX YY ZZ XY XZ YZ 

0 ? U1333E 00 "-2.G0CUE-G1 4.5oGu€ wO -2.0000E-G1 6.C3b3fc-G6 O.C 0.0 










73 


TITLE 

VTTTLt 


-t 


ETITtrE 


bQPACE CYCLIC PLASUC-CRCEP CHECKOUT PR08LCM 
LJ*t ’ INCXLMCNT 4 


-C L EMEN T Put NT mtf» Vl fct fl 

NO. 1.0. NO. IP. STRESS CTR. STRESS SI2E 

1 3 54 1. <0006 00 2.2E00E 00 


PAGE 

VARIABLE STRUCTURE NUMBER 
INCREMENT-NUMB I 


■*•* • E F F & e T IV fc -P LASTIC - ST RA I NS-** »» — • » • EFF E CT i Vc~ OREtP-S TR AlNS-**»**- 
INCRSMENTAL SUM INCR. CUMULATIVE INCREMENTAL SUN 1NCR. CUMULATIVE 
5.0000E-01 4.0000E 00 2.0000E uO l.OOGOE 00 2.C0LGE 00 4.944efc-06 


— ELEMENT »W CUMU LATIV E *N**-CUMUL*TTVe“THfcR«At-STR*lNS'~***N 

NC. 1.0. NO. TP. TEMPERATURE XX VY 22 

1 3 5 4 Y.C'tiCSE Ob 5.GCGCE-01 5.00LGE-G1 5.00G0E-01 


END OUTPUT CPU » 00:00:2^.447 TOD * 23:41:08 



t- 


1 




TITLE 

VTI1LE 


BCPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 



TT+ltE 


LOAD I N CREME N T — t* 


PAGE 70 
VARIABLE STRUCTURE NUMBER * I 
INCREM ENT M jHb ER -— U r 


P AKa M cTcRS ' f UN THIS - INC R EME N T 

COEFFICIENT ELK CONCENTRATED LOAD SET ONE * 3.65C000E 00 

COtPi-l ClErT FOR CUKC.LHTRATEO ' LOAD — SET TNfl * E.-5 * 

COEFFICIENT FOR DISTRIBUTED LOAD SET ONE = 3.0 

CGLFFFCItUT FCK OISTnlEUTEO LC-AD SET TbC * C.O 

•eg&FP-tOtt. N T-P U R-N i. - f r AL Tc mP EKpT U K i: — SET i n t»C » DO W lr Cl 

COEFFICIENT FCK NCRHAL STRESS/S TRAIN SET = 0.0 

TRANSLATIONAL ACCtUK/ IILN ILtNGTH/ 1 lMt/T IME ) = f.G 

AN GULAR VELOCITY ( K T - VLi UT IC NEY Mm H SxrC 

ANGULAR ACCELIRATICH CRCVOLUTIuNS/TIMC/TFME ) = O.G 

CRFEP Tim = C'.O 


BEGIN LOADS 


CPU « OO: 00:28.79* 


TOD * 23:41*1 5 



btCIN tLLCCP 


CPU * 00*00:29. 37S TOO * 23:41:29 


RESIDUAL NORN * 2.A52G5E-05 



DEC IN SGLN 


CPU * GO:oO: 29.469 


BEGIN ELLOOP 


tNU 


ELLUUP 


CPU * DOrOb I2V.S68 


TOD « 23:41:34 


PAGE 71 
VARIABLE STRUCTURE NUMBER ■ l 
1U 





TITLE 

VTITLr 

, f T * T« ^-, — 

BOPACE 

CYCLIC PLASTIC— CREEP CHtCKOUT PROBLEM 



PA0E 

VARIABLE STRUCTURE NUMBER -« 

72 

1 

k if 1 >Ut 

LtAy irin 

XV 






' I NtKtrttNI— NUMBER • 

-id 

6FGJN 

SGLN 

CPU * 4>o:dO:2V.5v2 

TOO 

- 

23:4ls34 


• 



END 

"SCttt 

CPU — w J • l U - ?V 

TOO" 

** 

73 i 41:36 ™“ 

- 




BEGIN 

tLLOUP 

CPU = C'j:CCi29.652 

TOD 

= 

23:41r35 





END 

ELLOUP 

CPU = Cj:C0:29*748 

TOO 

£ 

23:41337 





Kri, I DUAL 

ktjrm 

2 m 64BS3 t m L% — 








BEGIN 

ELLCUP 

CPU * 0£>:oO;2*s.7gI 

TOD 

£ 

23:41:38 





END 

RcSIUUAL 

ELLLUP 
NfcRM"- - 

CPU = 00:CC:2V*bSJ 
l-10tt»£-CB 

TOD 

£ 

23 :4l 34C 






-E-K-fr — £r-F — I -R fe-H - fi N" T ~" 


-ttr 


NO* ELASTIC INTEGRATE PCIM5 


4, NU. PLASTIC INTEGRATION POINTS 


-ft INTtG ft ATiu W Fai H TS * AV E CM AMfigtr ELASTIC TO ' P L A S ^ttrr 


I N TgGKJ t TlO N P OI N T S PLASTI C TO ELASTIC " tn jRl Wrt H l S - l r CR£ WLfrr 


5 SPECIFIED MAX * NO * STIFFNESS UPDATES = It NO. UPDATES PERFORMED *s 0 

SPECIFIED MAX * MO. IT i KAT IONS PEK UPDATE = 10 U> 10* NL*. ITERATIONS PERFORMED SINCE LAST UPDATE 

s ACTUAt-tRKOft-* — *vi te$E-<tt> 


BEGIN hlGSCK 


CPU - Ct/SUCu^V.H^ 


TUD - 23;4l r<tC 


fc.fD filGSCK 

-BtttH etOTF 


CPU - OOiC&rr^.P^ 
cf * u ~= dv iv o i jd.xT b 


TOD = 23:41:43 
-TOD- *- 73 r*t *4 J- 


LOPACE cyclic PLASTIC-CREEP checkout problem 


TITLE 
VTITLE 


PAGE 73 

variable structure number * 1 

INCREMENT-NUMBER-*: — 10- 


CUNULATIVt INTERNAL FCRCtS AND DISPLACEMENTS 


** NODE ** 
ML. l.D. 

2 j_ 


**************** FORCES 
U V 

1 5 20 *€ 7 * — 5 ^ LC t T * ** E - frl 




? 

3 


7 # 247ST21F-07 -S,i*GL -. fc74t— 1 
fl . 1 7t>7 1 Z*L -C 7 5 * DC C . 6 74 l-u i 

-ft . 17 - 7 0 >t r 3fc - CT — 


************* 0 j SPLACtMENTS ************* 

U V b - 

‘"0. o e.o 


-2 . 47B GC V2E-C 4 u.O 
-2.5*»*52177E-D6 3.*499*9e>F CC 

— — 3.0^999V6€-<rC- 




8$1t*8 


) 


TITLE nOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
VTITLE 

LL ' AP I N CRfc MEM T iO 


PACE 74 
VARIABLE STRUCTURE NUMBER * l 
INCREMENT- NUMBER-* — IO- 


NC. l.U. M3. TP. 
1 3 5 4 


trrrtTlVc 
CUM* STRESS 
l«9Cw JT 00 


XX YY 

■'5*73i2E—C6 I .OGLufc 00 


E MULATI V E fflfiSS tS — *m*+*+vm++++m*+*+m9+* 
ZZ XV X2 Y2 

»585QE-06 -2.970U-U 0*0 0*0 


N'J. 1*0. NC* IP. 
I 3 5 * 


— eppfctrrvfc — 
INC*. SIP6SS 
2.250CE 00 


XX YY Z2 XY x2 

— 1*260°E— 05 2.25CCC CO -5.5S79E- 06 1.9672E-C9 0*0 


Np. I. D* NO* TP* 
1 3 5 4 


XX YY 22 XY XZ 

►1.50GCS-0* 5.00006-41 -1.50006-01 -1.93056-il 0*0 


NO* 1*0* KG* TP* 
1 3 5 4 


XX YY 22 XY X2 

*,500lt-01 1.5C006 00 -4.5G00E-01 2.35746-GV 0*0 


fcC* l*D* NO* TP* 
.1 3 5 4 


PLASTIC WORK XX YY 22 pL *- TI ^- TRAI *5 

1*01256 Gl -t.DCCOe OC 2.0t>Ctfc CO -9.999Y£-0l 8*34126-09 0*0 


Nt» 1*0* NO* TP* 
1 3 5 4 


-^NC K EWt MT Afc— 
PIAST1C WORK 


****** INCKEHEWA t —P U S Ht - STR AINS — »»♦ +» ♦*»»»+«♦»»♦ 

VV iz XY XZ Yt 

0*0 0*0 0*0 0*0 0*0 


NO. 1*0. NO. TP. 
1 3 5 4 


CREEP WORK 
3*o£75t 00 


xx YY 22 XY X2 

-1.49GI6-G6 4.S2&GE-G6 -3*337O£-06 5.4Q6BE-08 0.0 


NO* I »D« NO. TP* 
1 3 5 4 


CREEP WGKK 
CvC 


-iNCfitrRbNTAt-CREtP^ST 
ZZ XY 

0*0 0*0 


NO. 1 *D* NO* TP. 
1 3 5 4 


LL'DL CODE TOTAL STRAIN XX YY ll XY X2 

-1 -2 2.4333b OC r -9*53676*07 * 3.65CC6 CO 9,53676-07 6*24406-08 0.0 











I 


n 


TITLE 6CPACE CYCLIC PLaSTIC-CREEP CHECKOUT PROBLEM 

VTITLfc 

-IHTt-fc LEAD - I N CR EMEN T - K ) 


PAGE 75 
VARIABLE STRUCTURE NUMBER - 1 

INCREMENT- -NUMBER—* — lO 


EL E M EN T E6T : 7 YEHr t) V*Ett> »»•*— EPPEC-TiV e PLA S T-t€~~ STRRTNS-**** — ♦*»»*-EPFCCM'V6— CREEP-STRAINS »»•»♦ 

NO. I.C. NO. TP. STRESS CTR. STRESS SIZE INCREMENTAL SUM INCR. CUMULATIVE INCREMENTAL Si* INCR. CUMULATIVE 

I 3 54 l.COOCb 00 2.ZS06E 00 5.0 4. Of POE 00 2.0000E 00 0.0 2.CC0BE 00 4.94466-06 


ELE M ENT Pg' I N T CUMULATI VE 1 V 6 ■ T HERM AL STRAI NS~»»»«- 

NCi. 1.0. NC. TP. TENPtKATURE XX YV ZZ 

1 5 54 l.LCOOt 01 1.15O0E 00 l.ISOOC OV 1.15C0F CO 


. END OUTPUT CPU = 00 :00 S3C. 1 SI TOO = 23141145 


09 

• 





+> 

1 

tfl 

JO 





title 
vtiile 
k ii ntt 

EQFACfc CYCLIC 
• ' tgAO-INCRtMEtlT- 

PLASTIC-CREEP CHECKOUT PR03LEM 

-H 

PAGE 

VARIABLE STRUCTURE NUMBER * 
INCREMENT NUMBER ■ - 

76 

1 

-M 


PA RA ME TERS P UR 1 H 1S lHC P .fcM EN f 

COEFFICIENT PuR CONCENTRATED LOAD SET CNE * 5.5&OCOOE 00 

fcUE F P EC 1 E NT " P C * - fcONt E NIRAT tf l r LC - RO — SET TR9 = CvO 

COEFFICIENT FOR DISTRIBUTED LOAD SET ONE « 0.0 

CQLFFICIkMT FCK UlSTRlf.OTEO LOAD SET Tfc.0 » 0.0 

CLt-MU tl EN T ' 1-&R-?T UfAf ' T S«RM RAT i TR e SET * 4.SO CO O OF 0 0 

COEFFICIENT FOR NORMAL STRESS/SIRA IN SET « -3 .OCOCCSE-Cl 

IRANSIATICNAL ACCl LEKATIl’U (Ll:«I>Th/71Ml/1 IME) = C.C 

ANGul AR aCCELcF.AT I C** ( hfc VCLUT I iT'S/TIhE/ f 1M*? » •=■ C,Z 

CREEP TIME = l.'jOrOOOt 01 


BEGIN LOADS 

tf»fi tt**frtr 


CPU = CCiCC t 30. 431 TOO = 23141:52 

■eiMr— -O ^ aa-sS CvUiO Tt >p -g' ?3 TM:SA- 





trsiia^ -cyraiR 


) 


r-J TITLE EOP»Cfc CYCLIC PLASTIC-CRESP CHECKOUT PROBLEM 
VTlILfc 


6ECIM !OLM 


CPU - CC:Cl»:3C.57D TOO * 23:41:55 


ttlOIN ELLCCP 
tNU tLLCOP 


CPU 0i‘-'00S3v*6u7 
CPU = Ct: 00 *30.707 


TOD * 23:4135* 
TOD a 23541:57 


BEGIN SCLN CPU ^ th*sto:3D.7G? 

END EOLN CPU = 011*00:30.723 

’ ttt -XJ tl ? Iftt- 1 3 0 . T3 fl 

END LLLDUP CPU - CD*CO *31.623 

RESIDUAL NORM * 4.423V51-01 

BEGIN Setfi C P U * 

ENu SGLN CPU * 0C*00s3C.U56 

b fcblN CLLC1UP CPU - 00:tiC*3C.fl6t- 

RE SI DUAL NCkM * b.OSC’Ttt-Ol 


bEGIN tLLOCP CPU = CK* CD 5 30*956 


RESIDUAL NORP * 6.1744GE-02 


BEGIN SCLN CPU = OCX 66*31 .OTA 



BEGIN 

SCLN 

LPU 


CNO' ' 


CPU 

- 

BEGIN 

ELLOOP 

CPU « 


END 

CLcLUP 

LPU 


CPU = CO :£0: 31 .ICV 


lpu = coua;3i*202 


TOD - 23:41:57 
TOD * 23:41 157 
- T OD ■» - 2 3? 41 558- 
TOD 23:*l*59 

“TC0-a-23r4ls5^- 
TOU * 23:41559 
TOD = 23:41:59 


TOD * 23:42:01 


TCD * 23:42:07 
-TCD~=r->3rA2r(j8- 
TOD * 21542:08 


TOU s 23:42:10 




PAGE 77 
VARIABLE STRUCTURE NUMBER * 1 

IKCREftefttT “NUMB fcffc-« U~ 






-v ;* . ■ • ■ l : .■' . . .;-■ - ■ ,..tw... : .. 14 . , . v . .,. >(; ,.... r -h. v * — ■ --„ :^,v* t ■“ ^ 'i^ -..-g- ^/^rnrrTC?C!^n;^pr rr=*“-r vnaswsr:- 



) 



TITLE 

VTITlE 

fcOPACt 

CYCLIC PLASTIC-CHEEP CHECKOUT 1 

PROBLEM 

PAGE TB 

VARIABLE STRUCTURE NUMBER * 1 


A III f L t 

LUAu Im 

.nCi'iCI I 1 I 




JNtRfchENf— NUH&feft-* 11 


begin 

SCLN 

CPU = GC;00:31.206 

TOD 

C 

23*42:10 



E*n 

SCI'* 

CPU — GU - tit# -31 • 4^***r 

TUtT 

*■ 

'23t4Jri'0 



BEGIN 

ELLOCP 

CPU « 00*00*31.252 

TOO 

a 

23*42*10 



END 

f LLCuP 

CPU = GG*0C>*31.346 

Ton 

a 

23*42*12 

' 


Hc5 il'uP 

L. ™«jl\r» — 

3 *3 1 tiSwL—Ol 






BEG IN 

ELtGCP 

CPU = OC*GO :3 1.34/1 

TOO 

a 

23*42:12 



EMU 

ELLQUP 

CPU = 00*00:31.445 

ron 

r 

23*42*14 



Kemamu nuw*k. - 

J«Jzl33E-01 






BEGIN 

ELLOJP 

CPU = OOtcc: 31. <*52 

TOD 

a 

23:42*14 



END 

ELLCCP 

CPU = CKl*G0*3l.555 

TOD 

= 

23:42*17 



CO KC JIDWfil - 

5«0^333£*01 1 ” 






♦ hEGlV 

SOL 6 

CPU = 00:00:31*&^9 

TOO 

- 

23 s 425 17 



O* 






- 


— *:ND 

SUL.N 

CPU » 00*00*31.575 

TOD 

= 

23542:17 



— firr Tia — 








otollt 

. L LUur 

’ tMJ — OCT’J V-31 mlrBZ " 

TOD- 


“2 3 *4t -17 



END 

ELLCOP 

CPU = GU:G0*31.o92 

TOD 

a 

23*42*19 




RESIDUAL UURM - 3 •593t : **E— 01 


feEGri** Etftfl £W -» -ft0 s g0 g 31. q <;& T OO — 23*42 * 19 


END 

SCLN 

CPU * 00*00*31.732 

TOO 

a 

23542:14 


DEGIN 

ELLCOP 

CPU = 00:00*31 .738 

TOD 

* 

23S42=19 


tfliy 

HEt IUUAL 

ELLLU* 

.. NLRM = 

IrU — uc* v'vOl»" Jc 

5.216746—01 

■■' 1 ’fOrt- 



* 

BEGIN 

bttl*4 

MtKGE 
fTcWi 

CPU = 00*00*31.675 
C-W = 0'H«£3!.m*l — 

TOD 
T ttr 

a 

23*42*21 

-23-542^21 



I 


i 



j 


) 


Y TITLE BOPACB CYCLIC MLASUt-CRESrP CHECKOUT PROBLEM 

J VTITLE 


b tGIN HER SCR 
EM* HE RSCk 


MIFPNFSS CS*2kATICN CUHPLtTvD. 1$ PARTITIONS WRITTEN* 

-fctte frt*R r c P U « - yjs CCrs j*Tn: T otr'*“23': 42:2T — 

BEGIN HER SCR CPU ® CCS3C:31*Y81 7CU = 23542*23 

EM* HER SCR L»U * CD s^O *32 .028 TOD * 23542*23 

■W HErRet cPU -» ^*-s0e * 3j TU ± 9 TOtr-*“23 **2*22 

PAMKUM kAVEFPCHT - 4 NODES AT INTERNAL NCUE 1 

hEGZH DECE“P CPU * GJ*DD*32.G64 TOO « 23*42*24 

- £N£* D EUT - P CPU ■ Cf ;vC^ s 3T7t3« T0Tr’*"23^42 *24 * 

bEC-TN BIUSCK CPU = OO-CC *32.141 TOP - ^3*42:2* 


■ KEC* CPU * CDicCr 


10 OAHTIT1CRS WRITTEN. 


hEGZH DECC“P 



STIFFNESS DEN£RAT1CN lUMFLFTCD. 


“END PtrWt 

&hi»lN' NEkSCk 


ENU PEKSCR 

-tM? — 

NAXlrt|>* WAVEFRONT * 
BEGIN OFCCiNP 

“£N^ 

fcEMN 41GSCK 
tM> oIGSCK 

- «e in — setN 


cru ^ - cc c ce r ~* Z -rZtrt—“ — TOL>— ^-23*<t?*2£ — 
CPU = i>D*3D*32*2&i TOP * 23*42:20 


CPU * Cu:CC:22.3?l TOD = 23 *42*20 

Pe rr^^.1327 TUCr-s 23*42*2* 

4 RCDtS AT INISRMfL NCD4 1 
CPU = 00*00 : j2.3o4 TOD « 23*42*30 

-e-P U" T -frutyi>r3-*gvTT TOD 22 *4? r3 1~ 

CPU * Of SG0:32.427 TOD « 23*42*31 

CPU * c-ji^0:32.4e>T TCI» * 23*42*33 

■W-^n^C-r^.-^7 TOO ^“23 * 42 *34— 





' fW'^ars-ffrn 


(__. t 

) 


j 


TITLfc 
VTJTLE 
| 1 M-Ttre 


UCPACE CVCL1C PLAiTIC-CKEEP CHECKOUT PROBLEM 

Lo^b mf t rHiM n 


FNL SOL* 


CPU - CO:CO: 32*$27 


TOO = 23:4?:34 



-trtrtltr 

-EttOOP — 

— CPU - Ol^OOittrttr 

— Torr 


-2Zrc*2i3t~ 


£N-> 

SLLL'wP 

CPU = GC:OC:32-043 

TOO 


23 :42:3*> 


HEilDUAL Vjr.y = 

2»*-+Z27L - 01 












- nrt«rn iinji 

cpu ■= ct* z£ * eiTtf — 

TOO - 

“ 

23 S4?:.m 


uND 

SLLN 

CPU = C0:O0;32*6L7 

TOD 

= 

23:42137 


i;EGIN 

ELLCCP 

uPU - OOt UG :32, cPO 

^OD 

=- 

23:4?:37 


“CMC 

EiAyf'P " 

“■ cpu — Of. srf’t 3i;* T 7T - ”™ 

toit* 

“ 

~P3t 


RSTIfil 

U6L NORM = 

7*2f 602E-C2 





fcELIN 

50LN 

CPU = GOSlC: 32.781* 

TDD 

= 

23:42 :40 

ro 

-fctrfc 

Sr&fcN — — 

C Pc — Of'«hU* ?? • y k, 3 

T Q tr- 

' 1_ 

"7-*: 42* 4j 

* 

ELGIN 

ELLOCP 

CPU = GCsOC :32*8C*7 

IO 0 

e 

23:42:40 

o» 

u> 

END 

bLLUOP 

CKJ = 0u:CC?32.37c> 

TOD 

- 

23542:41 


_C 1. f T f*J 

.. 






* »L. “* *= 

/ • 1 Jct'^L - tV “ 





ELGIN 

SOLN 

CHJ = 0v:oG:32.t)C3 

TOO 

s 

23:42:41 


tMi SLLN 

frt lOW- 


LPU = £jo;OOi32*VCie> 


tNL FLLCcP 


CPU - 0C:--O:32. vfc>3 


TOD - 

-TO D 23 Arp- 
TUD - ?3:<*2:4-» 


RtSIOUAl MkM - 
-begin echti 


t *?; 427 bL~C 3 

* OVU~» OC tfjfrt-^fiV^tr- 


END SOLtt 


CPU = Dl.:uC:33.G13 


-700 = -23t4?:44 
Tub = ? 3 : 42:**4 


rttGIN fc L LOOP 


CPU = 001^0:33*00 


TOD = 23:42:44 


- 23 : 4254 ^ 


PAGE 80 

VARIABLE STRUCTURE NUMBER * L 
ENCRfcMtNT-NUHbER -* — 11 










-ftfcbiN — — fr 


begin HLCC.P 


CPU =■ CCs-.0833.4K' 


TOD = 2 ^ S*.2:53 


kESItiUAL MuKM = b.764V-'t-£lt. 



PAGE 81 
VARIABLE structure number ■ 1 
iMLRt«E«T-NUHBtR-»— 11- 





Q 


TMLF PCPaCP CYCLIC PLAST1C-CRFFP ChtCKDUT PROBLEM 

VTITLE 

-mite v el v et: * 7 - 11 - 


PAGE 82 
VARIABLE STRUCTURE NUH&ER » 1 

INCREMENY-fcUHbfcft— — 11 


F N D D P LOAD INCREMENT ll 

NO. CLASTIC INTEGRATION Pul^s - ** NO* PLASTIC INTEGRATION POINTS = 0 

C INTtGRATlCN POIKTS HA Vt CHANGED ELASTIC TO PLASTIC* 0 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

-SPECIF 1 L - 0 -+ WU STI P T N ISS U PDATES—" H" ^v^POATfcS f* WRHEfr-* 1 — 

SPECIFIED MAX. NO. I7EKAUCNS Pc K UPDATE = 10 lo IC, NJ* ITERATIONS PERFORMED SINCE LAST UPDATE « 9 

SPICIhliO MAX. UNBALANCE D-KlKCE ERROR - I.GCCOE-OBt ACTUAL ERROR = b.76V7E-C6 


BEGIN RIGCCK 


CPU = 0 CivC* 33 U 63 ? 


TOO - 23?42:SS 


htGIN OUTPUT 


CPU = 0G;C0:33.7t>2 


TOD * 


TITLE 

VTlTtt 

-lTtTtf- 


RLPACt CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


*m KuDE ♦* 
NO* I »D* 


CUMULATIVt INTERNAL FCRCfS AND DISPLAC EMENT5 


* **************** FL'RCtS ***************** 

U V M 

1 l. *t » t- 3i/ 9 £ -f 5 

2 -l a *Ef?RlU<-t»S -l.a£St C2V t ff. 

3 - 1 »^5M *<>«•* CO 

* !r*!^tiMnr"tf — I* 6 ^ r .u 0 t 9 t c fr 


PAGE W 
VARIABLE STRUCTURE NUMoER ■ 1 

LNCRtHENT— NUMtJfcRr^* l*- 


************* ui ^placements ************* 

U V fc 

^rO~ : sr- 

• 3 . 0 CC 11 A 6 E -01 O.G 

- 3 *;., 01 - C 3 c-tl S*S 00 ulCi 0 E CO 

- 1 • iTZr^Crtlfc-nfb — 5 .^cut*trctrE™tru 


■r-A> 


) 


) 


n TITLE tOPACS CYCLIC PLASTIC-CKEEP ChLCKQUT PROBLEM 
VTI1LE 

*- — ~J Tit tre t L* l > ttc fr* « ;M* N T it 


PAGE 8* 
VARIABLE STRUCTURE NUMBER * 1 
INCKfcMtf+T-NUMDtK— • — 11- 


HC. I.L. NO. IP. 
I 3 5 * 


trrtuHVt 
CUM. SIR6SS 
3.25C0E 00 


XX YY 2 Z XY XZ 

.5R21E-C5 3.2SLGE 00 -2.53326-05 -7.1CA8E-10 0.0 


MQ. I.D. n.j. 

I 3 E 4 


"iNCR^ STRESS XX YY ZZ XY XZ YZ 

2.2SCGS 00 -*.009ltE-C5 2.25U.P GO -2.07476-05 -6.*<»78E-iO 0.0 0.0 


NQ. I.D. NO. TP. 
1 3 5 < 


XX YY ZZ XV kZ 

-3.00016-01 1. BOOSE 00 -3.00006-01 -2.873Y6-10 0.0 


Nl>. I .ft. NO. TP. 
1 3 ’ 5 4 


XX YY 11 XY XZ 

-1.50016-01 5.CCC0E— Gl -1.5000E-01 -2.68C9E-10 0.0 


£ PL'. I.D. NO. TP. 
. I 3 t» * 


PLASTIC WORK 
1.O120E 01 


XX YY It XV XZ 

-l.OOCOfe CCi 2 .OCIOE 00 -9.9999£-01 6.3912£*09 O.C 


NU* 1*0* N*Q. TP, 
1 3 5 < 


HLhCRtrMfcfmi— 
PLASTIC KCRK 
0*0 


— erfc* € f rT 

rlCU 1*D. WO* TP. 
I 3 5 <* 


-CWtHr ATl V fr— 
CREfcF WORK 
5.01256 DO 


XX YY ZZ XY XZ 

-5.0C0CE-C1 l.COOOE CC -5.0000E-01 5.40246*00 0.0 


fc****#****l 

YZ 

0*0 


fctH*fcW* K31»T- 

he. i.o* no . tp. 

1 3 5 h 


CKEEP WORK XX YY ZZ XY XZ 

2.125&E 00 -5.003Gc~Ol 1*00006 00 -5.00006*01 -4. 45 51 £-11 0.0 


Ny* 1*0. KV* TP. 

1 3 $ <* 


t; — P -SW C UH 

CCiOE LC'l’E TOTAL STRAIN 
0 —2 3.S^7E GO 


»*.**«+*.%+***+******«»*— CUMULATlVtr— T0TAt~STRAiH5 — ♦***•*♦**••***•♦♦« 
XX YY 22 XY XZ YZ 

*3. 00016*01 5.5Cr^£ 00 -3.00LOE-OI 6.212toE-0b 0.0 0*0 


PCPACE CYCLIC HLASUC-CRFEP CHFCKCUt PROBLEM 



I 


TITLE 
VTI1LE 
~1 T IT LE- 


PAGE 

VARIABLE STRUCTURE NUMBER 
IftCREMfcfr^-NUHB Eft~ 


— LttMfcNT Hjl fr P 

f*L’* I «D» Kt* TH * 
1 3 5 4 


STRESS CTR. STRESS SI It INCREMENTAL SUM INCH. CUMULATIVE INCREMENTAL SW INCR. CUMULATIVE 
l *0000 E 00 2.2500E DC 0,0 4.0G0CE CO 2.DOOGE 00 l*GOO0E UO 3.0000E 00 UCO0OE 00 



Mu TP* 
5 4 


— CU M L tLArTT VE — — 
TEMPERA JURE 
4,50uu£i 00 


**+- CUWLA TTVE— Ttitr R M Af -SIR Alfc V 
XX YY ZZ 

I * 5 COOE CC 1 .SCOOt CO X. 5 GC 0 L CO 


OUTPUT 


CPU - 00500=33, b?l 


TOD = 23543I0I 



TIT,Lfc 

VTITLE 

“ITlTlrt- 


bOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


PAGE 

VARIABLE STRUCTURE NUMBER 
TNCREMENT'-NUMBfeK- 


COt.FF TCI EM PUR CONCENTRATED LOAD SET ONE 

-tt ErPP JC ie NT P U * r tC 4 C » : N 1 frr TEU CUAU S*rT 

COtPhlCIEM PuR UlSTitlHUUD CLAD SET CM 
COf.FPlCIrM PUR [■UlKlBUTfcD LuAI) SET 7 Uv 

-CurPr iiirN f PLR ft tttt U W tftAT t r tfe — 5^7 

CutPPICItNT fL'K tiCf-rtAL IT KESS/SIftAlN SIT 
TR^PJ laT ICNAL ACCELEKAT1CL ILtNC TH/T IME/U^E) 

ANGULAR ACCtLLK/TlCN f KbVtLUl 1 ONi/ 1 iMf / IJMF ) 
C«ttP TIME 


A.549999E 00 


CC:3*.*]6l TOD * 23x43:C8 









TITLE BOP.'-CE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
WHILE 



r 


te-ftO- lECt^t^t^T-K 





END 

ELLCOP 

CPU * «C *00*39.953 

TOD 

■ 

23:93*25 



-TCTlwwt- nu!\n - 

T*f Cfl3et*0* t ”'■ 






BEGIN 

SLLN 

CPU * 00:ufl:34*9fc6 

TOD 

= 

23*43125 



END 

SDLN 

CPU * 00:00*34.903 

TOO 

n 

23*93*25 




tttULT 

trv '■ OOfUtTrJrvCUU 

■■' fUU 

* 

-4J5Z4” 

7 j 


END 

CL LOUP 

CPU =■ 0u:GU:35*0S3 

TOD 

c 

23*93*26 

j 


kf: SI DUAL NCR* * 

2.01CtS7t-03 






"Prn m — 

3Tvtn 

CPU *■ du»00»31-*0R3 

TOD 




m 

END 

5CLN 

CPU = 00*00:35.119 

TOO 

s 

23*43:27 



BEGIN 

ELLOOP 

CKJ = C£>*CC *35. 1?3 

TOO 

s 

23*43:27 










to 

— fctLOOP 1 

LP J — Oj - jy • 3J * 2 Lb 

TOtr 


23*r 43 r29 

- 


RESIDUAL NORM * 

5.3535oE-09 




- 


BEGIN 

SC‘LN 

CPU - GOXCGS3I5.21B 

TOD 

t/irt 

- 

23*93*29 



■ enej 



tutr 



- 


BEGIN 

ELLOOP 

CPU = OC*uO*35.273 

TOO 

a= 

73:43:79 

- 


fcN 0 

ELLUUP 

CPU * 00 SCC *35.379 

TOD 

X 

23=43:31 



“Hr'iritntp 






' 


EE 62 N 

SOLN 

CPU = OCtCO :35.36b 

TOO 

X 

23:43:31 



END 

SULN 

CPU ~ 00:00:35.412 

TUP 

Tftrt 

V 

23:43:31 


CCVTTT 


11 - Ut U * * 

ilrO” 


• *rj ■ J 1 



tND 

fclLCLP 

CPU = 00:66:35.529 

TOO 

- 

23*43:33 



KESltiUAL »URH = 

3*731m*£-0B 





tcblh— 

SPLN 

CFU *’ OuicO *35. 529 — — 

— TOD- 





■ iii 


PACE 86 
VARIABLE STRUCTURE NUMBER ■ 1 


-INCREMENT-NUMBER-* — 12 










ta-Hjf* form*, I IX IT l*t}| 







) 


) 


n TITLE 

1 J VfllLE 


lMVdr- 


BCiPACt CYCLIC PLASTIC-CHEEP CHECKOUT PKCSLtH 
LtrPD iNt* £M £M 12 * — 


PAGE 

VARIABLE STRUCTURE NUMBER 
1 NCMEMfcftT-NUHoER" 


90 

X 

12- 


maximum 

WAVEFRONT = 

9 

NODES AT INTERNAL 

NOOE 1 

snrpttp — 

-ntCrrtP' ■ 

' CPU 

*• C J> jC * 3t p2^^r 

— TOD = 21:43 r43 " 

ENf! 

hi COUP 

CPU 

* Cc: UC :3b.2tl 

TOD - 23:93:96 


BEGIN 

bIGSCK 

cru 

- Cw:CC:?p.291 

TOD = 

23 s 43:46 







tNfl 

"■ t JG5CK 1 

■CPU 

* Cl »l J tl *3^a I 

Tctr - 

“23 7 ^3 T=iC 

BEGIN 

SCLN 

CPU 

= CiCSC.0t36.3SH 

TOD = 

23:43:9k 


END 

SCLN 

CPU = 

COtOC: 36-3 m7 

TOD = 23t* ( 3:'< f 9 

trtGfN — 

C LL i-i op 

' — CPU =■ 

Gw >U6 *36*391. 

TOO 1 = 2JrA3!W 

END 

FLLOGP 

CPU - 

C<j:u0;36.4v7 

TOD = 23t43t53 


kLUDUAL NORM = 1.07SC‘3fc-06 


t 

'-J. 


ENO OF LOAD INCREMENT 


12 


^TECkTTiOM-PO-i^TS— R 

9 lISiTHVKATlDN PCI MS hAVt CHANGED ELASTIC TC PLASTIC * 0 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

SPECIFIED I***. NO. STIFFNtSS UPDATES = ] 9 NO* UPDATES PERFORMED = l 




SPLUHtP PAX* Ukr ALANCL^-FD^CE ERROR = l.CCCOE-CSf ACTUAL ERROR = 1.O752E-06 

END &IGSCK CPU =■ CCsCC :3f>*tt9 TOO = 23:93:36 


n 


fcEGIN OUTPUT 


CPU = uutoCJ 3t.o60 


TOO = 23:aa:G1 


tOP.CE CYCLIC PL/STJC-CP.tfcP CmFCKCUT FkDELtN 


nnt 
wine 


PAGfc . 91 

VARIABLE STRUCTURE NUM6ER * I 
1 NeA EMENT”NUMbLR-» — 12- 


CURULATIVI IMrkN^L HJkCti AND DISPLACEMENTS 


** HuVE »* 
NC. I.P* 

j j- 


**«*»*«****»**^+ FORCES 

U V 

Si r 


*♦** 

U 

^0*0“ 


DICPLACEMENTS 

V 

-tr* o 


************* 

N 


2 2 

3 3 

-9 *r~ 


2. 993I946E-C6, -1.9VK9 y5F 00 
2*e»699*27E*(»6 l*S3?^rSE 00 
■ 2 *6690 & 3SL * U P 1. 9 » *9 l 9 L OB 


-%47913C0OC6 C .0 
-A.063O707E-06 6. 5999992 E 00 

— 


. . v . avssss ^ r- :o-“- 



) 


bOPACE CYCLIC PLASTIC-CKf EP CHECKOUT PROBLEM 
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variable structure NUMBER « 1 

1 heRfc*l£NT-NUMB£A— * — U 


nc» i*o* no* rp « 

1 3 S A 


C1JM. STRESS 
3.875CE 00 


XX YV 

-8.883 At-06 3.P75UL 00 


ZZ XY XZ 

.6625E— 06 9.B750E-11 0.0 


NC. I .0. fj, TP. 
1 3 5 a 


INCR. STRESS 
6.2AVSE-01 


XX TV ZZ XT XZ 

3.ft»3ee-05 t».2*»98E-Cl l.b669t-o5 6.1723e-10 fc.O 


— rt-tHENY P O I N T 

NO. I.U. tjr. TP. 
1 3 5 A 


XX YY lZ tVt tl ' ASTI xY S XZ YZ 

-3.C00CE-OI 9.9999E-G1 -3.00CCE-01 3.312vE-U 0.0 0.0 


~tt-fcnfc*H P OI N T 

VJ. 1.0. NO. TP. 
I 3 t> A 


XX YV ZZ XY XZ 

1.1C66E-OS -9.83A8E-C6 3.9339E-0o 3.20S26-1C 0.0 


HC. I.D. NO. TP. 
I 3 5 A 


PLASTIC WORK 
1.1906b 01 


XX VV ZZ XY XZ 

-W2SOOE 00 2.5OC0E 00 -1 .2S0OE 00 -S.IaIOE-IO 0.0 


. NO. TP. 

3 S A 


-WCfttHEtcT At *»***»•'♦**♦«****’>’•'**- — WORtMENT Atr-PtAST-TC—STR Al N S " ** »♦»*♦** ♦**»»»*»»♦♦« 

PLASTIC WORK XX YV ZZ XY XZ YZ 

1.7E13L OC *-2.S0Olc— Cl *>.0CiOlcH>l -2.5G0CE-01 -B.90S3E-09 0*0 G.O 




U NG* If** 

— tunutA 1 1 vt 

CKEtP WOR* 

XX 

YV 

■ LunuLR rzvr— cni 

rz 

: cr' s» i Firrns™ 
XY 

XI 

YZ 

3 5 4 

S.E12SL 00 

-5*COOC'fcfHU 

l *OOCOt 

CO -5 -OCCOC-Ol 

5.4«4£~0fi 

0 *0 

0*0 


— Hrfw r M P OlM - 

flC. I.D. ML. TP. 

1 5 5 A 


INCREHfcNTAt- 

CRSPP HCRK 
C.O 


►»»♦*♦*»»»— -iNCRENENTA t — CR E E P- S TRAWS — •*•••*'••***•***•••*•*• 
YY ZZ XY XZ YZ 

0.0 0.0 0.0 0,0 C.D 


NU* 1.0. NC < TP. 
1 3 5 a 


LODE CODE TOTAL SfkAlN 
1 ? A.3fe*-7fc 30 


XX YV CUM ZZ HVC T0TAL x J ,ra,r '* ** XI YZ 

-A.ToTVE-Co .6.SSO0E trtj V.5367E-0T S.35A3E-C8 0.0 O.b . 


B. 4-73 






n 



TITLE 

VTI7LE 

ITlTrt- 


DUPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
t O * r ’ -I ~ i 2 r” 
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VARIABLE STRUCTURE NUMBER * I 
INCRtMfcNT-fiUMBHt*— 1* 


NC. I * D« F L * TP* 
1 3 5 A 


Y"Hrtv VI Etfr- ****-fcPPrCT i Vt— Pt A 5 Tlt“ S7« A IN — +++**- & ** & 1 Vfc-CtttEP- STH Al NS 

STKtSS CTK. STRESS S12E INCREMENTAL SUM INCR* CUMULATIVE INCREMENTAL SUN iNCk* CUMULATIVE 
i* SOCLE Ou 2.37SOE 00 5*C0f)lE-*Q 1 <t*5CCCE OC 2.5CG0L CO C.C 3.0CGCE 00 1*C000E 00 


NO. 1.0. NC. TP. TEMPERA TUKE 

1 3 l «; 1.2O0Ut 01 


^♦♦-CUMULATlVt -THfcfcMAt^S-TRAlNS -♦*** 
XX YY ZZ 

2.C50CE OC- 2.C^uC£ CO 2.CM.GE 00 


END CUlPUT CrU = OC:GO:3ea*777 TOO * 23:AA:T3 


r~f TITLE bCPACE CYCLIC PLASTIC-CREEP CrttCKCUT PROBLEM 

VTPLL 

J J T I TLE LrAfr-I MIK - E M t H- T - 13 

PAKAHET-EfrS-P gP - TMil ’ I N CR E M EN T — 

cglPmcifni t-uK concentrated luau set one = 

CUEFFICIEM hCK DISTRIBUTED LUAD S^T ONE a 

CUEr-hlCIENT ELK UISTR 1 LU fFO Ll’AO SET TWc * 

— C 0 1 EP IC N Of - g i: — TTr^Pt-KrTtJKc — iET- — — -=• 

CUfKFJCI. 47 ELK NCKMAL SI RE SS/S TRAIN SET = 

TRANSLATIONAL ACL fc LtiKA 1 J 5 jN ( LLNO fn/ 1 1 Mf_/ THE > = 

* ML Li. tH VPttMr Vt~trtrff trNS/ fI-Nfr» s^ 

A*Gul fik AClj. LEGATION lr LYCLuTIjf S/TIml/ 1 *MC) = 

CKEF-^ 1I.*h ~ 


RE LIN LOADS CPU =■ C C S 37. Of* TOD = 23S^4lC9 

END LtrADS CPU - JO ; *C TOf|-=- TltJ — 


7.5C00G0E OC 
-e.fr 


!' • C 

e.O 

-1 01 
2.C0CCCCE— Cl 

0#i> 

'-v.e 

c.o 

0.0 


PAGE 99> 
VARIABLE STRUCTURE NUMBER *= 1 

INtftfcMErNT^-NUMBHt-* — 13- 




) 


TITLE 

VT1TLE 

imtr 


60* ACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 


PACE 95 
VARIABLE structure number ■ I 
1 NCRtRfeltT- KUHfc fcR~* — 13- 


bECIN SCLN 


CPU «■ 00 : IIC 137.^16 


TOO « 23W.H 


T00~=— 23 r«rM- 


BEC.1N ELLCCP 


CPU * 0Hj0i37.256 


TOO * 23144U1 


fcLLLuP 


CPU = OJli.Oi37.344 


TOO * 23144:1? 


BEGIN SCLN 


CPU - 0GiCy:37.5S3 


TOO » 23144112 


CPU = OCi 30:37.366 


TOD s 2314411? 


1144:1*- 


CILUOP 


CPU * CJlC-i.t37.476 


TOD * 23:44113 


RESIDUAL NCKM = 1.7173oE-Gl 


-23s*»+rM 


CPU « OOtCO:37.5C6 


TOD » 23:44114 


fcEulN ELLOUP 


CPU * v'O: JG: 37.5 1*» 


TOO b 23144114 


RESIDUAL NCPH = 3.03J16E-C2 


TOO-*— 23:44:15- 


fctf.IN SGLN 


CPU * OJl GO 137.602 


TOO = 23:44115 


-TOO »-23l44iii 


BEGIN ELLCUP 


CPU » oC!CC:37.642 


100 = 23144:15 


ELL uc-P 


CPU « Oul SO 137.735 


TOO b 23144:17 


-RE-Ct.0 W L" NOW— 


e c r.IN StLN 


CPU * 00.Pdi 37.7SB TL)D s 23144(17 


P«Cl* Ptl-eu* 


5‘i fr cr 3 rr: 


-^roo *-23 1**71 7 


) 


) 



71TLF BGPAtEl- CVCLTC PLASTIC-CREEP CHECKOUT PROBLEM 

VTlUt 

A IT I Ttrfc LCAl INCREMENT L3 — 1 


F.ND cLLUU 1 * CPU = 00 ; 00 : 37 • 8 & 5 TOO = 23*44:19 

tx s n v rtjftr n o r m = — 

BEGIN ILL* CPU = oG:^t/:37.fibb TDD = 23:44:19 

END SlLN CPU = 0 3:C0 : 37*40** TOD = 23:44:19 

fit ul !C C PU - oo z ou s aT r 1 *** T OD — 23:4*rriv 

LNO EtLUCP CPU = ac:u0:3ri.C05 TOD =■ 23:44:21 

h&SIDUAL NORM = 2 . 02 5b* t -06 


PACE 96 
VARIAbLE STRUCTURE NUMBER « 1 
INCREMENT- NUMBER”* — 13 


m 


END OF LOAD INCREMENT 13 


^3“ NO y-trL** 7 1C "If mi.ftATluN PC INI S = &i *CvPL AST ICr^T NTFCRAT ICN” POTN TS -=" 4 

tn C INTEGRATION HOISTS HAVE CHANGED ELASTIC TO PLASTIC, 0 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

SPECIFIED MAX* NO* STIFFNESS UPDATfcS = 1, NO. UPDATES PERFORMED = & 


Uj lij 1 0> “NCn -1TORAT ! 


SPlCIULD max. UMALANCtS-FCKCE ERROR = 1.CGDCE-C5, ACTUAL ERROR = 2.0251E-L6 


f 




LTD - TCD-=“23^4 4^ 


END 

bIGf CK 

CPU - GO: GO :3b* 111 

TOD 

=■ 23:44:25 



CUT PUT 

CPU - CG:DC:3b.l75 

TOO 

- 23:44:26 







► 


TITLE bOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM PAGE 97 

VTITLE VARIABLE STRUCTURE NUMBER * 1 

a IHTtf L O A D — I N CR EME NT 13 INCREMtNT* NUMBER-* 13- 

' CUVULATI Vt INTERNAL FORCES AND DISPLACEMENTS 


1 


** NULF ** 
NO. 1*0. 


2 

3 


*A*«#4*9**»*t4^ FuRCtS 
U V 


***************** 




4 , # ^ j . r ^ ■— AA 

> £*fTrpT7t l’v 


S.25M4CS3E-G6 -2*24V*b57E 00 
6.*.7V/ib;h-v6 2,24V9i»i7c CO 

^*7h~r>C” 


************* o i SPLACEMENTS 
U V 

trvt frre 

1.9999373E-01 0.0 

1.9499427E-01 7.S0000C0E CO 

>.7btU&31t-tr7 — 7*500^000 t~trfr 


************* 

H 


jfiAi * irir. i i' I i^riVirffr *^^*'^ l * d * J 






ZZJrMSlSt 


asutdeaeai 


TITLE 

VTITLE 

-I-T ITLt - 


bOPACE CYCLIC PLASTIC-CREEP CHFCXQUT PROfcLEM 
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VARIABLE STRUCTURE NUMBER » 1 

INCREMENT-NUMBER—" — 13- 



NO. TP, 


CUM. STRESS 
4.5000F 00 


XX YV ZZ XY XZ 

-3.6I07C-0* 4. St COt CO -1.5474fc-00 -I.&308E-G8 0.0 


1 ij JO • 

r tp* 

lHCh m STRhSS 

XX 

YV 

ZZ 

XY 

XZ 

VZ 

5 4 

fc* 24 .*96-01 

5.272 7E— 0«> 

»*.2>CCfc-Cl 

S.U51E-0* 

-l.*407E-0« 

0.0 

0.0 


. NO. TP. 
3 5 4 


XX W ZZ XY XZ 

-3.0000E-G1 9.9999E-01 -3 .CCCCE-Ol -4.7113E-99 0.0 


NO. TP. 

5 4 


XX YY ZZ XY XZ 

I.54O7E-06 -l*7tSm-06 1 .192 IE— Ob -4.7NA4E-09 0.0 


NO. TP. 

3 5 4 


PLASTIC NCR*. XX YY ZZ XV~ XZ YZ 

1.4000E 01 — I.500CE 00 3.00CCE 00 -l.SOOOE 00 -9.328&E-09 0.0 0.0 



-CUMULATIVE — —•*****♦♦»»***♦******•• CUMULATIVE— CREEP-STRAINS — *•••*♦***•*• *A*A***9*A 

CREEP UOkX XX YY ZZ XY XZ VZ 

5. EI25F 00 -5.00GPP-01 I.CCD-E CO -5.0GOOfc-Ol 5.40241-06 0.0 t.O 


. HO. TP. 
3 5 4 


increment al— 

CREEP WCRX‘ 

0.0 


NO. TP. 


C';DE CODE TOTAL STRAIN 
0 4. Pot^E 00 


— CUMULAT IVE TOT AL— STRAINS — •****♦***•***•••****•« 
XX * • YY ZZ ' XY XZ YZ 

?.oCi®-*4-oi T »60 (liif yO 2.000GE— 01 3.9V84E-06 0.0 



r 

) 


> 


) 


1ITLF 
VT 1 1 L E 
k »THl ~£t 


RCPACt CYCLIC PLASTIC-CKEEP CHFCKCUT PRQPLEM 
LOAD I N CR EM E N T 13 * 
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VARIABLE STRUClUKt NUMBER * 1 

1 WGRtMtNl NUMdER 13 


— L b -E .Mf Hi KriVF YtttO YlEU* ****-£PHrCTI VC Ft A STIC 'STRAINS"**** *****-fcppfcCTT Vp-CRtE^ STRa IMS’ ***** 

NO, 1.0* NO. T>. STRESS CTR. STRESS SlZt INCREMENTAL SUM INCR. CUMULATIVE INCREMENTAL SUM iNtK. CUMULATIVE 

1 3 5 h 2. LODGE GO 2* SC COE GO 5.000GE-01 S.OGGOE 00 3.0000E 00 0,0 3. LG COE 00 l.OOOOfc GO 


-t L L -ME NT KertrT 1 \ JMUtrATT VS **** tUMUt ATI VE~TH ERM At— STR AlN 5 -****- 

KG. I.D. NC. IP. TrMPLRATURE XX YY Z7 

1 3 5 v 1.3<V0t 01 2.50000 00 2.SU00E GO 2.5O0 lE CO 


END CUT PUT CPU - CO: 00 : 3K .3 1 1 TOD * 23:44:26 


m 


i 



title bOPACE CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 

VTITLF 

-T T I It t LeAt^ f N C ft E M lNT 14 


PAGE 100 
VARIABLE STRUCTURE NUMBER * I 
INCREMENT— NUMb ER™* — IV 


-PftfcA M c T = RS FuK T M IS ' INCRE ME NT 

CDIPPICIENT FOR CCVtfc MR AT tf' LOAD SET UNE 

CUEFMCItNT PUP DISTRIBUTED LOAD SET ONE 
CatFMClEM 0 ISTK 1 KUTCD LLAD SET TWu 

COEFFICIENT FLk NCKRAL S I RE SS/Sl R A 3 N SET 
TRANM Al 3 LMAL ACCE LEPAT I \j'% ( tENr.T»f/TlM&/l 1 HE> 

ANGULAR JCCCLtRATiCM l Fa vOLUTlCNS/Tl ML/7 1ME I 
CRtbP TIME 


= P. 79 V 999 E 00 

- — evft 

= o.o 
* c.o 

t-, 4 fc< 0 C 0 t 01 - 

= 0.0 
- 0.0 




= C.O 


btGIt. LCADL CPU = GvSUd: 5 *«S »7 TOO = 23 = 44:?4 

■END tTTftfr* C PU - tt “ r t C gSe^fe rft TG O = 2?r4Vr3g- 


ri TLt 
VTITLfc 


BU PACE CYCLIC PLASTIC— CREEP CHECKOUT PRC&LEM 


tEGlN 5LLN 


LPU * Pi- : OP 1 32*740 


TOO * 23 t *4137 


St Gin ELLOOP 
ENU ELLLiCP 

-RESI DUAL NCR ** ■ 
BEGUN* SULN 
END SOLN 


btrCIH 

END 


ELLLCP 


CPU * 00:00*38*7*7 
CPU - &CiCO*3P*»2>U 

7 =^e-vl 

CPU - 00:00:38.853 
CPU * OOSCC :3P.CB3 
cpu *- or r ee; CT;g vT- 

CPU = GO:ut;:3i3*sV7 


HESIOUAL NORK * 2.26*63EH>1 

m 

Vr-PfrGi * SC bN C P U - - g -OC -g CO : 3 YrTC3- 

I 

-s| END SULN CPU = LUSCCS3Y.075 

QB- — - 

BEGIN ELLLCP CPU * 03:03:3**032 


100 * 22 :* 4:3 7 
TOD » 23:44:39 

TOD * 23:44:39 
TOO * 23*44:3* 

TOO * ?3*44i*2 

-TOO - 23t44 :42" 
TOD = 23:44*42 
TOD = 23:44:4? 


RESIDUAL NJRH = fl**32«-.L-G? 


EtGlfc SQLN 


BEGIN ELLLCP 




CPU * 00:^Cf3V*I4U 


CPU « GC:CC *35.170 


TOO = 23:44*44 
-TOD~* ? 3 * 44 : 45 " 
T(JD * 23:44:45 
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VARIABLE STRUCTURE NUMBER • 1 

lNLRfcHfcNT-NUMbtft-* — U 










-rz-.' re*; <r -v nTT^ * • '*'-'• ' ' "~Z??*^~rVT £ L - ^ 


) 


TITLE 

BOPACE 

CYCLIC PLASTIC— CREEP CHECKOUT PROP LEM 
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vtiile 

a r r » t f— p— 

KtA* 1 ■ IIW 

T 4>rwe»»T — . 



VARIABLE STRUCTURE NUMBER « 1 


^ 11 A 1 L L 




IttCRtHfcfrT-flfURttfck-^ — 1% 


tND 

ELLL1CP 

CPU & CUSvCt3V-373 

TOD * 23:44S48 




K t i 1 LjUaC 


l * l 





&EGIN 

SCLN 

t-PU ^ CO:OC:3^.3ti6 

TOD = 23 :a 4 :aB 




£r V L* 

— jf— 

i-CLN 

CPU = JO:Cw.: 3 v.<a 13 

— r^f-+# - — ■ — «- - x, 

TOD = 23:44JA-b 




fcNU 

tLLCuP 

L. ' U U fvL wTlICJ 

CPU = Oj:0O;3P,Su9 

(L'U “ £J> *r *» !HC 

TOO - 23 :aa ;49 




RESIDUAL 

NuKM = 

1.97oAt,£-C* 





t fib 

JUL11 

StrLN 

^ ~ L*c - UU * J’* • > 

CPU = uCiOGt3S.S39 

TOD - 23:44:49 




Bb LIU 

CD 

* 

— r- C-fun — 

t LLCL’P 

CPU = 0”: 00s 39. 5*2 

TCO s 2?:^AJ50 . 




^ tivr 

i 

t LUULT 

WTO — t‘ , ,yvi^'T*D 1 »4 

“i Du - - z^TA<rr5r 



“ r " """ 

■ 

RESIDUAL 

i£L — 

NORM = 

2.S?tifrE-CS 





fltMN 

■ — -irNfr ~ 

SCLN 

CPU = ccioo: 3v.fr 49 

TOO * ?3t«4S$l 




bt&rrj 

-vt ** 

ELLLCP 

cr u — 'ju.i-L * i''* n 

CPU - C* :C0:3V.t.E2 

njD — 3 j » rrt 

TOD * 23:4*:“il 




END 

FLLLIjP 

CPU = 0 0:0C:3 -v, 7 o? 

TOO = 23:4**:B3 




— ResitbtfAt 

-nek* * ■ 

-x^y b t L i. 5**tr-f‘fr 






*-* - & — e-F — i— t—A-O — 1- V-C—R-F- W F -N--T 


NO- MASTIC IMbfA/T JLN PCINTS = «* 

* H+Tirfr^M-Hj N f l Vtr-fcB> W .t 4— Cr 

SPECIFIED MAX. NL- STlPPNELS UPDATES = 
LPECJUfcf) MAX. NO- TUKATlGNi PL H UPDaTE 
-&PEC-K-; 


fcC. PLASTIC IMFGHAT IC-N i S = A • 

OAST It It* +" L A S I It. -C— IWTfr^rtAlHiHHiL-IfrtS PtASHe-^t3~EL-*SWt-«JftX+*&-TrtlS-H«CREH£NT- 

i. no. upoaus PcRPCK«ei> = o 

=■ 10 1C •:, Ml'. ITERATIONS Pt-KPCKMEO SINCE LAM UPDATE = 8 

—WOOE-Of-OS.- ACTUAL- ERROR ■ — 3 » LOOS E— Ot> 


title 
VTITLE 
| I1!U+ 


EOPACL CYCLIC PLASTIC-CREEP CHECKOUT PROBLEM 
-EfaA l ‘ T M C REM EKf - I * 


BEGIN 

tilGCCK 

CPU 

- oescoia'nazs 

TOD * 23:49SB3 

-tut* 

■ frIGSCK 

CTU 


i on * tjT^N 

Bt GIN 

CuTPUT 

CPU 

* Ousc;cj3v.v^ 

TOO = 23J44S&7 


09 


f“ TITLE 
•' OS VTITLE 
TflTt-t 


1 01 ACE CYCLIC PLASTIC-CfttLP CHECKOUT PROBLEM 

LC - Atr — tH C P -f P* .VT ~ 1« 

CUMULATIVE IhTcRNAL FORCES AND DISPLACEMENT? 


*• IvCTE ** a********* ****** FORCES at**************** 

NU. I*n. u V M 

J t - F.SCLv rq L ' TC- C fr « g .• ttZ ' aLn 1~* t~ Pt5 

? «.fluI!"**6E-(n> -?.*? S.M34E CC 

3 I.03o-576l-uS I.62i«f>33*u. fu 

* ■■ tlosw w e n s — i r - E- f O 


? 

3 


PA6fc 103 
VARIABLE STRUCTURE NUMBER * 1 
INCREMENT-NUMBER-** 14 



PAGE 104 
VARIABLE STRUCTURE NUMBER ■ 1 
INCREMENT-NUMBER-* — Hr 


«•*•*****•**• DISPLACEMENTS ** 
U V ¥ 

■tTTC CTO 

2»795 lt>10f -Ob C.O 
3.135**3CE-Ct* 8.7V99992E CO 


n&W' "Ctf ? V-- - w ;• , . 


- is - t»' j • 'tt" - -< rr*'T--- r TT? 4 . " <.■&-■ ‘ t > ^prciiusp iK --ijlfc^TrfSiSP^BSESjSMRJ^St^ ??58SSCWS!H02!8tK3358SB 


) 


) 


c 


) 


TITLE EOPACE CYCLIC PLASTIC-CREEP CHECKOUT PRObLEM 

VTITLE 

IT I Itt t OAD I N CIt EM E N T ~ 1 4 


PACE IDS 
VARIABLE STRUCTURE NUMBER - I 
1 NCR t« ENT-NUMb £R-« — l* 


—E LE M E NT P O I NT 

NO. I.D. NO. TP. 
1 3 S 4 


■ ■ EFr t-fcTTVfc *♦*•*♦*♦******»**►••**** — CUMULATIVE— STRESSES — ••*4#**4**A****P*******A 

CUM. STRESS XX YY ZZ XV X2 Y2 

5.?501c 00 1.3C-53E-05 5.2501E 00 -C.flVCS 06 1.2327L-09 0.0 0.0 


-E LE M ENT rtrth> 

Nl‘. I.D. Nli. TP. 
1 3 R 4 


—frFPCeTIVE ******►**•»******«•»♦•♦* — INCREMENTAL— STRESSES — *>**»* **♦•**•*•** •*•»**•> 

INCk. STkb-SS XX YY Zl XV X2 Y l 

7.5..09E-01 2. 16t>— E— 05 T.5010E-01 -3.2o6Ffc-06 I.7541E-08 t.O ‘ 0.0 


— tttMt+rt Ptrl-NT- 

NL. I.L. HQ. TP. 

1 3 5 4 


*.«..**-.**.»«.»*..*.* — CUMULATIVE— ttASTie-STfOrlMS- 
XX YY ZZ XV 

•3. 0000b“ 01 i.OCLGE 00 -3.00C0E-01 3.0524E-IQ 


xz 

0.0 


vz 

0.0 


t-fc tNENT P O IN T 

NC. 1.0. NC. TP. 
1 3 5 4 

xa 

. 

4 k 

OT LLL P t H T Pfr l N T 

— NC. 1.0. NC. TP. 
1 3 5 4 


««****« ************* — INCREMENT AL—ELAST7C— STRAINS — **•••****•**•**♦****• 

XX YY ZZ XY XZ YZ 

-1.8477E-06 1.8299E-G5 -7.2122E-06 5.ulo5E-09 0.0 0.0 


~etJMUfcA-Ti-VE *♦♦***•***»••*♦*»**** — CUKULATIVt: -PLASTIC-STRAINS — *******************♦' 

PLASTIC WORK XX YY ZZ XY XZ * YZ 

l.BB75f 01 -2.000OK CO 4.06c0c CO -2.OO0CE OC -2.3112E-CB 0.0 0.0 


— E LE M E N T P OI N T INCREMENTAL *»******»»•■***«*»*** — INCRtMtrNT AL- PLAST It - STRAINS — *+++*****+****++***+* 

No. 1.0. NO. TP. PLASTIC WORK XX YY ZZ XY XZ YZ 

1- 3 5 4 4.b744£ 00 -4.999«E-01 9.949RE-01 -4.994VE-01 -1. 37&4E-03 0.0 0.0 


■ E tiMl NT PE-fNT 

No. I.D. HO. TP. 
1 3 5 4 


-CUMULA" I VS ♦»*»*»* ****..**»»* — CUMULATIV E CRtE P STRAINS — »♦**•** Y***4*6 ***»***i 

CPE t P WORK XX YY li XY XZ YZ 

5. 61251. CC -5 .AOOC e— 01 1 .Cof ot 00 -5.C0CCE-G1 5.4C24E-0 6 C.O 0.0 


-EtfcMtNT PE+VP 

No. 1.0. NU. TP. 
I 3 5 4 


-INCREMENTAL a**.***************** - INC KtHENTAL- CREEP STRAINS — ***4******»******4***' 

CRLtP WfJKR XX YY 2 1 XV XZ YZ 

C.O 0.7 o.G v.O 0.0 0.0 C.O 


--ELEMENT (-LINT --t— t- -StM COM. eEP. -..♦.*.********. 6 »**»** CUMULATIVE Id AL - STRAINS — P* 4 ***A** 4 **P*P** 9**»9 

Nt- i.O. Nt>. TP. .'.out CODE TUTAL STRAIN XX YY 2Z - XY XZ VZ 

T 3 3 4 c- 2 5.Sot.7t 00 4.Y644E-0O 8.5-iCGE CO 4.52676-07 3. 1217L-06 O.U 0.0 
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VARIABLE STRUCTURE NUMBER a 1 i 

INCREMENT- NUMBER-* — U f 


NiJ* 1*0* Nlj* TP* 
I 3 5 * 


> «-■ «*«*•**> . . ■*■ - >-**^-<* ■*» » « T I T fT TO A4M C . J ff* *>» * »n- ■ h f thf A t lit ARARR_ 

TiTtv Tt Hu ... ■ -n tTTrtTiTC 1 Tm 3 itC Jrr.RlttS Er? LU I IVt Cltt “ ? 

STRESS CTR. STRESS SIZE INCREMENTAL SUM I NCR. CUMULATIVE INCREMENTAL SUM INCH* CUMULATIVE 

P.SOOOfc 00 2.7E00E 00 O.SYVbf-Ol 6.0000E OO 4.C000E 00 0*C 3.CC0GE CO l.GOOOE CO 


NO. I *0* NO. Tm. 
1 3 £4 
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VARIABLE STRUCTUKl NUMBER = 1 
iNLKEMtNT NUMdcR-*~l5 


^******>****************^ CUrtULATfV e STRESSES — ************************* 

XX YY 11 XY XZ YZ 

-2*6 13*E-0t> 5.9999;; CC -1.2723E-L5 -1.97?&E-0b t.U C.O 


-**********♦*************— -I^KEMENTAL- STRESSES — ************************- 

*X YY ZZ XY XZ YZ 

7.*t9tt7t-Cl -7.9L91E-0& -1 .t>U 1 1£~0 8 0.0 0*0 


********** *********** — CUMULA fl vt- -EL AST ; ST RAiNS~* **^******************- 
XX YY ZZ XY XZ YZ 

-6.OC.0UE-0! 2.CGCGE 00 -&.99V9E-C1 -b.<.03fc£-09 C.C G.G 


'******»*■»** ********* — INCREMENTAL - ELASTIC STRAINS ************ ********* 

XX YY 21 XY XZ YZ 

—3 .OOCOE-Ol 9.9SY7E-CI -2.9999E-01 -6.709GE-G9 G.O 0*0 


******* *****.*********_CijMU LA 1 1 VE^PL AST IE— ST RA INS — ********************* 
XX YY ZZ AY XZ YZ 

-2. STOLE 00 5.GGOOE OO -2.5COOE Ou -3.3479E-0& 0.0 Cr.U 


^*****.> *************— I ftCREHEMTAt^PL as? ic— strains — ***************♦♦****- 

XX YY ZZ XY XZ YZ 

-S.GCOOE-ei I.CCCUf 00 -S.PtCCc-'- -!.03bOE-D8 0.0 G.O 


'#********************* — CUMULA I I Vt - CRt EP - STRAINS — ***** ******* ********** 
XX v 21 XY XZ YZ 

-2.C&25E 06 4.4250E CO -2.Cf>25L 00 2.l62*E-0& 0.0 0.0 


************** »** — INCREMENTAL— CT<tEP- STRA INS — *»****♦*******♦*♦***♦*- 

XX YY ZZ XY XZ YZ 

-1.W5C CC 3.12L0E GO -1.5&2SL 00 -3.23931-00 0.0 0.0 


-**«»****************** CUMULATIVE TOTAL STRAINS - ***»****♦***********♦*- 

XX YY 12 XV XZ YZ 

- -*.fc7*?=>0t, * l»e»?c7t 01 0.0 -l.azS3L*Cb C.u O.C* 
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B.5 STAINLESS STEEL CYCLIC TEST/ANALYSIS CORRELATION 

This example is intended to aid the user in reducing cyclic test data into 
a form suitable for BOPACE input. The stainless steel specimen used in the 
example exhibits a pronounced variation in isotropic and kinematic hardening 
as the cycling progresses , and thus provides a severe test of the BOPACE 
capability for combined hardening. 

The cyclic test data are shown in Figure B.5-1 by the solid lines. + The 
plotted points and dashed lines represent the analytical results obtained 
from a BOPACE run. The hysteresis loops are denoted by dash numbers, with 
the first number denoting the cycle number and the second denoting the 
first and second half of the cycle. 

Because of the obvious variation in magnitude of kinematic hardening over 
the test cycles, the BOPACE option for variable kinematic hardening was 
employed in addition to the usual combined isotropic and kinematic hardening. 
It is to be noted that this type of material input data is somewhat compli- 
cated, and it is used here to demonstrate the accuracy which can be achieved 
through a careful representation of the material cyclic properties. For 
most analyses a simpler hardening representation will be sufficient. 

The assumed hardening curves are given in Figure B.5-2, and the BOPACE input 
data are listed at the end of this section. A summary of the analytical 
results is shown in Table B.5-1, deluding the effective kinematic stress 

I The test hysteresis loops were furnished by Dr. R. H. Mallett of the 
Advanced Reactor Division, Westinghouse Electric Corp. 
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( 

hardening ( | a xx )» Isotropic stress hardening |5-a|» and actual stress a XJ( . 

The test/analysis correlation Is quite good, c»;j 'lould be further improved 
if one were willing to accept some amount of non-smoothness in tha input 
hardening curves of Figure B.5-2. An exact match would require hardening 
curves with discontinuous slopes at points corresponding to the strain 
range used In the cyclic test. This Is not justifiable in general, because 
a proper test/analysis match would not result for other strain ranges. 

Although the test/analysis correlation is considered to be very satisfactory, 
cyclic results for other strain ranges would have to be compared before any 
definite cons 1 us ions can be drawn. 
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TYPE 304 STAINLESS STEEL, ANNEALED ) 

TEMPERATURE = I200°F \ 



STRAIN (%) 


Figure B.5-1: Stainless Steel Cyclic Test/Analysis Correlation 
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Figure 6. 5-2: Stainless Steel Hardening Assumptions 
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Table B.5-1: Results for Stainless Steel Hardening 


no. 

CYCLE 

DISPLACEMENT 

| a - a | 

a XX 

ITERATIONS 

l 

0-2 

.05 

0.0 

11.0 

8.9 

1 

2 

0-2 

.2 

0.7 

14.6 

15.3 

4 

3 

0-2 

.4 

1.8 

16.2 

18.0 

5 

4 

0-2 

.7 

3.3 

17.1 

20.4 

5 

5 

0-2 

1.04 

5.0 

17.9 

22.9 

5 

6 

1-1 

.9 

5.0 

17.9 

- 2.1 

1 

7 

1-1 

.8 

3.4 

17.9 

- 14.5 

4 

8 

1-1 

.6 

0.1 

18.1 

- 18.0 

5 

9 

1-1 

.2 

2.7 

18.5 

- 21.2 

5 

10 

1-1 

-.4 

- 6.0 

19.0 

- 25.0 

5 

11 

1-1 

- 1.04 

- 9.5 

19.5 

- 29.0 

5 

12 

1-2 

-.9 

- 9.5 

19.5 

- 4.1 

1 

13 

1-2 

-.8 

- 7.9 

19.5 

11.6 

5 

14 

1-2 

-.6 

1.0 

19.6 

20.6 

6 

15 

1-2 

-.2 

5.9 

19.8 

25.7 

5 

16 

1-2 

.4 

8.6 

20.1 

28.7 

5 

17 

1-2 

1.04 

10.8 

20.5 

31.3 

5 

18 

2-1 

.9 

10.8 

20.5 

6.4 

1 

19 

2-1 

.8 

9.9 

20.5 

- 10.6 

4 

20 

2-1 

.6 

- 2.5 

20.5 

23.0 

6 

21 

2-1 

.2 

- 8.7 

20.7 

- 29.4 

5 

22 

2-1 

-.4 

- 10,5 

20.9 

- 31.4 

5 

23 

2-1 

- 1.04 

- 12.4 

21.1 

- 33.5 

5 

24 

2-2 

-.9 

- 12,4 

21.1 

- 8.6 

1 

25 

2-2 

-.8 

- 12.1 

21.1 

9.0 

4 

26 

2-2 

-.6 

2.3 

21.1 

23.4 

7 

27 

2-2 

-.2 

9.1 

21.3 

30.4 

5 

28 

2-2 

.4 

11.0 

21.5 

32.5 

5 

29 

2-2 

1.04 

12.4 

21.6 

34.0 

5 

30 

3-1 

.9 

12.4 

21.6 

9.1 

1 

31 

3-1 

.8 

12.4 

21.6 

- 8.7 

1 

32 

3-1 

.6 

- 2.8 

21.6 

- 24,4 

7 

33 

3-1 

.2 

- 10.0 

21.8 

- 31.8 

5 

34 

3-1 

-.4 

- 11.7 

21.9 

- 33.6 

5 

35 

3-1 

- 1.04 

- 13.1 

22.1 

- 35.2 

5 

36 

3-2 

-.9 

- 13.1 

22.1 

- 10.3 

1 

37 

3-2 

-.8 

- 13.1 

22.1 

7.5 

1 

38 

3-2 

-.6 

2.2 

22.1 

24.3 

7 

39 

3-2 

-.2 

9.8 

22.3 

32.1 

5 

40 

3-2 

.4 

11.5 

22.3 

33.8 

5 

41 

3-2 

1.04 

12.7 

22.5 

35.2 

5 
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